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i Submittal Letter

Lisa P. Jackson, Administrator

United States Environmental Protection Agency

c/o Ms. Carol Rushin

Acting Regional Administrator

United States Environmental Protection Agency Re@o
1595 Wynkoop Street

Denver Colorado 80202-1129

Re: North Dakota State Implementation Plan for Begl Haze
Dear Ms. Jackson:

The State of North Dakota is hereby submitting rxe@dment to the State Implementation Plan (SIP)
to address the requirements for Regional Haze ofi®e308 of 40 CFR Part 51, Requirements for
Preparation, Adoption, and Submittal of ImplementaPlans, Subpart P - Protection of Visibility.
This SIP amendment was prepared by the North Ddhepartment of Health, Air Quality Division.

We are enclosing two hard copies and three eldctompies of the SIP for your review.

Seven steam electric generating units in North Rakave been identified as being subject to the
BART requirements of 40 CFR 51.308(e). The instialfaof BART on these sources will result in a
reduction of 98,618 tons per year of sulfur dioxéteissions and a reduction of 21,137 tons per year
of nitrogen oxides emissions from the 2000-2004raye emissions. These reductions will
significantly improve visibility in North Dakota’€lass | areas as well as those in surroundingsstate

With this submission, | am requesting the U. S.itmmental Protection Agency’s approval of this
SIP amendment and the BART for the seven SubjeBW¥RT Electrical Generating Units in North
Dakota.

We would also call to your attention that visilyilin the North Dakota Class | areas is adversely
impacted by emissions from coal-fired electricahgmting plants located north of the international
border in southeastern Saskatchewan, Canada. Tesets and their sources are identified and
discussed in Sections 6 and 8 of the SIP revision.

If you have any questions regarding this submipégase feel free to contact Terry O’Clair, P.E.,
Director, Division of Air Quality, North Dakota Deptment of Health, at 701-328-5178.

Sincerely,
John Hoeven
Governor
Enclosures

XC: L. David Glatt, Chief, Environmental Heath Sent Department of Health
Terry O’Clair, Director, Division of Air QualityDepartment of Health



I Executive Summary

This document comprises the State of North Dakddéte Implementation Plan (SIP) submittal
to EPA to meet the requirements of Section 30&hefRegional Haze Regulation (40 CFR Part
51, Subpart P, Section 51.308). Adoption of thethldvakota State Implementation Plan For
Regional Haze amends the Implementation Plan f&iQbntrol of Air Pollution for the State of
North Dakota.

Section 1 describes the purpose of and legal athairthe SIP. Section 2 provides introductory
and background information on the federal regiohake law and regulation, visibility
impairment, a description of North Dakota’s Clasgréas and reasonable progress towards the
2064 visibility goals. Section 3 describes planalepment and consultation with federal land
managers, other states, the EPA, and stakehol@astion 4 describes the North Dakota
monitoring strategy and commitments for future nammg. Section 5 describes baseline and
natural visibility conditions for the North Dako@lass | areas and the uniform rate of progress
for each Class | area. Section 6 describes thesswf visibility impairment at North Daketa
Class | areas. Section 7 describes and providesrdbglts of the Best Available Retrofit
Technology (BART) process including the Air Polari Control Permits to Construct issued to
the seven power plant boilers subject to BART. ti&ad describes the CMAQ and CALPUFF
modeling used in developing the SIP. Section 9 riless the process for determining the
reasonable progress goals for North Dakota’s Claaseas and what they are. Section 10
describes the long term strategy. Section 11 descthe commitments to future consultation,
progress reports, periodic evaluations of SIP adeguand future SIP revisions. Section 12
summarizes the public participation and review psscand the revisions made subsequent to the
public hearing for the SIP. Appendices at the afdthis document provide additional
information on BART and reasonable progress modefirotocols, company BART analyses,
Department BART determinations, the BART Air Pathut Control Permits to Construct, FLM
and EPA comments during the 60-day FLM comment operithe public hearing record,
Department responses to FLM, EPA, and public comsyeonsultation with the FLMs, EPA and
other states, the legal opinions of the Attornen&al, and the State BART rule.

The North Dakota BART determination process idédifseven electrical generating units that
are subject to the BART requirements. The insialhadf new control devices or modifications to
existing control devices will reduce sulfur dioxidenission from point sources in the state by
98,618 tons per year and nitrogen oxides emissmn21,139 tons per year. The BART
reductions must be implemented no later than fieary after EPA approves this SIP. The
anticipated date of implementation is 2013. Theskictions are expected to make a significant
improvement in visibility in the affected Classreas. Total sulfur dioxide emissions in North
Dakota are expected to decline by 105,729 tony@ar (60%) and nitrogen oxides emissions by
57,970 tons per year (25%) during this planningagaer

The 2018 reasonable progress goals for the twasrtyept worst days in the North Dakota Class |
areas have been established at 16.9 deciviewsafbr @nit of Theodore Roosevelt National Park
(TRNP) and 18.9 deciviews at Lostwood WilderneseaA(LWA). The analyses conducted by
the North Dakota Department of Health (NDDoH) ahd ¥Western Regional Air Partnership
(WRAP) indicates there will be no degradation dgriine 20% best days.
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1. Purpose / Legal Authority

The purpose of this submittal is to address théeStaplementation Plan requirements for the
State of North Dakota found in Paragraph 40 CFRB@,.Regional Haze Program Requirements,
of 40 CFR Part 51 Subpart P - Protection of Vigail

The North Dakota Department of Health (the Depantinehe agency designated to administer
and coordinate a statewide program of air polluwomtrol, has general legal authority under
North Dakota Century Code Sections 23-25-03 an8282 to adopt and enforce rules for
visibility protection including regional haze vidity impairment.

The Department adopted rules in 1987 to implemauti@s 40 CFR 51. 300 - 307 (NDAC
Chapter 33-15-19 Visibility Protection, Effectivatd October 1, 1987) and in 2006 to implement
Paragraph 40 CFR 51.308(e) (NDAC Chapter 33-15-@§iddal Haze Requirements, Effective
Date January 1, 2007).

It is the legal opinion of the North Dakota Attoyn&eneral that the State Implementation Plan
(SIP) is legal, valid and the Air Pollution Contiérmits to Construct for the BART sources, and
the Coyote Station, included within the SIP in Apgi D and Appendix A.4 have the force and
effect of law. A copy of the Attorney General oginiis contained in Appendix G.



2. Overview

2.1 Introduction

The Clean Air Act (CAA) defines the general concepprotecting visibility in each of the 156
Mandatory Class | Federal Areas across the nas@hawn in Figure 2.1. Section 169A from the
1977 CAA set forth the following national visibyligoal:

“Congress hereby declares as a national goal tegeption of any future, and the
remedying of any existing, impairment of visibilitg mandatory Class | Federal areas
which impairment results from man-made air pollntio

The federal visibility regulations (40 CFR Part ®ybpart P - Visibility Protection Section
51.300 - 309) detail a two-phased process to daterexisting impairment in each of the Class |
areas, how to remedy such impairment, and howttdbksh goals to restore visibility to “natural
conditions” by the year 2064 in each of these aréas federal regulations require states to
prepare a SIP to: include a monitoring strategydress existing impairment from major
stationary facilities (Reasonably Attributable isity Impairment), prevent future impairment
from proposed facilities, address Best Availabletréf# Technology (BART) for certain
stationary sources, consider other major sourcegisilbility impairment, calculate baseline,
current and natural visibility conditions, conswith the Federal Land Managers (FLMs) in the
development or change to the SIP, develop a lomg-s¢rategy to address issues facing the state,
set and achieve reasonable progress goals for@ask | area, and review the SIP every five
years.

EPA promulgated regulations to implement the statnitDecember, 1980. Following litigation,
a court settlement divided visibility protectiortartwo phases.

Phase 1 of the visibility program, also known asstmably Attributable Visibility Impairment
(RAVI), addresses impacts in Class | areas by bshafig a process to evaluate source specific
visibility impacts, or plume blight, from individbgources or small groups of sources. Part of
that process relates to the evaluation of sourdes f construction through the Prevention of
Significant Deterioration (PSD) permit program fagjor stationary sources. The plume blight
part of the Phase 1 program also allows for théuewian, and possible control, of reasonably
attributable impairment from existing sources. tNddakota has developed, and EPA approved,
a SIP for Phase 1 of the visibility program. Theast 1 rule is NDAC 33-15-19, Visibility
Protection.

Section 169B was added to the Clean Air Act Amenusef 1990 to address regional haze.
Since regional haze does not respect state arad xdundaries, the amendments authorized EPA
to establish visibility transport regions as a w@gombat regional haze.

Phase 2 of the visibility program addresses redgibaae. This form of visibility impairment
focuses on overall decreases in visual range,tglarolor, and ability to discern texture and
details in Class | areas. The responsible air fiks can be generated in the local vicinity or
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transported by the wind often many hundreds or @beusands of miles from where they
originated. For technical and legal reasons thersk@art of the visibility program was not
implemented in regulation until 1999.

In July 1999, the EPA finalized the Regional HazazdeR RHR) requiring States to adopt State
Implementation Plans to address this aspect diilitgiimpairment in the Class | areas. The rule
was amended in July, 2005. Under the current riledkegional Haze SIP was to be submitted
to the EPA by December 17, 2007.

The two key requirements of the regional haze Enogare:

1. Improve visibility for the most impaired dagsd
2. Ensure no degradation in visibility for the leimspaired days.

Though the national visibility goals are to bembiely achieved by the year 2064, the SIP seeks
to meet the two requirements stated above by 20&8first planning period established by the
federal rule.

Pursuant to the requirements of 51.308(a) andtltle) SIP is intended to meet the requirements
of EPA=s Regional Haze rules that were adopted to comyly requirements set forth in
Section 169B of the Clean Air Act. Elements of t8I® are to address:

» The core regional haze program requirements putsaa® CFR 51.308(d),

» The Best Available Retrofit Technology (BART) rerpments of 40 CFR
51.308(e),

» The requirements for comprehensive periodic remsiof regional haze SIPs of
40 CFR 51.308(f),

* The requirements for periodic reports describinggpess towards the reasonable
progress goals of 40 CFR 51.308(qg),

* The requirement for determination of the adequddh® existing implementation
plan of 40 CFR 51.308(h), and

» The requirements for State and Federal Land Manegerdination of 40 CFR
51.308(i).

In addition, 40 CFR 51.308(c) of the original JU999 regulation provided options for a
regional planning process to allow states to dgvel@oordinated approach to regional haze. In
March 1999, North Dakota became a member of thetdireRegional Air Partnership (WRAP),
the regional planning organization serving 13 wesstates, tribes and federal agencies. Section
51.308(c) was deleted on July 6, 2005 when the BARIldelines were added to the regional
haze rule.



Figure 2.1 - Map of United States Class | Areas
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Figure 2.2 —Map of North Dakota Class | Areas
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2.2 Visibility Impairment

Most visibility impairment occurs when pollution ithe form of small particles scatters or
absorbs light. Air pollutants come from a variefynatural and anthropogenic sources. Natural
sources can include windblown dust and smoke froidfives. Anthropogenic sources can
include motor vehicles, electric utility and indusk fuel burning and manufacturing operations.
More pollutants mean more absorption and scatteridight, which reduce the clarity and color
of a scene. Some types of particles such as ssiléaté nitrates, scatter more light, particularly
during humid conditions. Other particles like elerta carbon from combustion processes are
highly efficient at absorbing light. Commonly, thexceptor is the human eye and the object may
be a single viewing target or a scene.

In the 156 Class | areas across the country, viaugde has been substantially reduced by air
pollution. In eastern parks, average visual rarag decreased from 90 miles to 15-25 miles. In
the West, visual range has decreased from an avefaglO miles to 35-90 miles.

Some haze causing particles are directly emittedeair. Others are formed when gases emitted
to the air form particles as they are carried manilgs from the source of the pollutants. Some
haze-forming pollutants are also linked to humanltheproblems and other environmental
damage. Exposure to very small particles in thehas been linked with increased respiratory
illness, decreased lung function and prematurehdéataddition, particles such as nitrates and
sulfates contribute to acid deposition potentiatigking lakes, rivers and streams unsuitable for
some forms of aquatic life and impacting flora Ine tecosystem. These same acid particles can
also erode materials such as paint, buildingstweratatural and man-made structures.

2.3 Description of North Dakota’s Class | Areas

The Class | areas in North Dakota include: the @be® Roosevelt National Park (TRNP) which
consists of three separate, distinct units and_dstwood National Wildlife Refuge Wilderness
Area (LWA). The North Dakota Class | Areas are sham Figure 2.1 and Figure 2.2.

Theodore Roosevelt National Park is located wiillings and McKenzie Counties in North
Dakota. The colorful badlands and Little Missouivét of western North Dakota provide the
scenic backdrop to the park which memorializes2#®president for his enduring contributions
to the conservation of our nation’s resources. pak contains 70,447 acres divided among
three separate units: South Unit, Elkhorn RanchNmdh Unit and is managed by the National
Park Service. The park is comprised of badlandsen@rairie and hardwood draws that provide
habitat for a wide variety of wildlife species inding bison, prairie dogs, elk, deer, big horn
sheep and other wildlife. The Little Missouri Riy@sses through the three units of the park.

Lostwood National Wildlife Refuge Wilderness Area liocated in Burke County in the
northwestern part of the State. Created by an faCbagress in 1975, the wilderness covers an
area of 5,577 acres. It is contained within Lostdvdtational Wildlife Refuge and is managed by
the U.S. Fish and Wildlife Service. Lostwood Natbkilderness Area is designated to preserve



a region well known for numerous lakes and mixegkgtprairie. The wilderness ensures that the
finest duck and waterfow! breeding region in NoAtherica remains wild and unimproved.

2.4 Class | Areas in Other States Impacted by Nortibakota Sources

In accordance with 40 CFR 51.308, emissions sowgdsn North Dakota have or may be
reasonably expected to have impacts on the follpudfass | Areas: Boundary Waters Canoe
Area Wilderness Area (BOWA) and Voyageurs NatioRark (VOYA) in Minnesota, Isle
Royale National Park (ISLE) and Seney Nationaldiifé Refuge Wilderness Area (SENE) in
Michigan, Medicine Lake National Wildlife Refuge Werness Area (MELA) and U. L. Bend
National Wildlife Refuge Wilderness Area ((ULBE) Montana, and Badlands National Park
(BADL) and Wind Cave National Park (WICA) in Souflakota. As shown in Table 2.1 and
Figure 2.1, sources in North Dakota have only allsim@act on out-of-state Class | areas. For
Class | areas that are more distant, the impadthgileven smaller. Impacts from emission
sources in North Dakota contribute 5 percent oraxadrthe total 2002 extinction (Bext) in the
above Class | areas except those in Michigan and/BO A 5 percent or larger contribution is
considered a significant contribution.

Table 2.1
North Dakota
Species Contribution (%)
20% Worst Days

2000-2004

Class | Area Sulfate| Nitrate | OC EC PMF PMC | Sea Salt
TRNP 21 19 12 29 44 45 0
LWA 18 13 23 35 28 32 0
Badlands 8 10 2 4 3 3 0
Wind Cave 8 8 1 2 4 3 0
U.L. Bend 9 5 1 1 1 1 0
Medicine Lake 11 7 9 15 17 16 0
Gates of the Mountains <1 <1 <1 <1 <1 <l 0
North Absaroka 1 1 <1 <1 <1 <1l 0
Voyageurs 6 9 3* 6* 15* 22* 0
Boundary Waters* 3 10 2 4 10 7 0
Isle Royale* 2 4 1 2 6 6 0
Seney* 1 3 <1 <1 2 4 0

Based on WRAP's tracer analyses ¢(30d NQ) and weighted emissions potential (WEP)
analyses unless otherwise noted.

*Based on CENRAP data.



From CENRAP’s PSAT analysis, North Dakota’s conttibn to total extinction (20% worst
days in base year 2002) at the nearby Class | @sa®wn in Figure 2.3.

Figure 2.3
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2.5 Programs to Address Visibility Impairment

North Dakota and EPA have many existing emissiontrob programs/rules to improve and
protect visibility in Class | areas.

North Dakota adopted and EPA approved a SIP forsé@Haof the visibility program. This
program addresses major source PSD permittingcea@pecific haze and plume blight aspects
of visibility impairment. The Phase 1 rule is NDAZ3-15-19, Visibility Protection. It has an
effective date of October 1, 1987.

North Dakota adopted NDAC 33-15-25, Regional Haerguements in 2006 with an effective
date of January 1, 2007. This rule implements tARB provisions of the federal RHR.

North Dakota has several other emission controfgqams/rules that while not specifically

written to address visibility impairment, do addrassibility and work to improve and protect
visibility in Class | areas. These include:

NDAC Chapter 33-15-02, Ambient Air Quality Standardection 33-15-02-03. Air quality
guidelines. This rule states in part:

“In keeping with the purpose of these ambiengaality standards, the quality should be
such that:

4. Visibility will be protected.
7. Natural scenery will not be obscured.”

NDAC Chapter 33-15-04, Open Burning Restrictionsctidn 33-15-04-02. Permissible open
burning. This rule states in part:

“2. The following conditions apply to all types pérmissible burning listed in
subsection 1.

h. Except in an emergency, burning may not elgoted is such proximity
of any Class | area, as defined in chapter 338,3hat the ambient air of
such areasiadversely impacted.

I. Except in an emergency, the visibility of ablass | area cannot be
adversely impacted as defined in chapter 339.5-1

NDAC Chapter 33-15-15, Prevention of Significantt@&@wration of Air Quality, requires that a
visibility analysis be prepared in accordance witlapter 33-15-19 as a part of the requirements
for a PSD permit to construct.

NDAC Chapter 33-15-17. Restriction of Fugitive Esiiss. Section 33-15-17-02 Restriction of
fugitive particulate emissions. This rules stategart: “No person shall emit or cause to be
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emitted into the ambient air from any source ofitiug emissions as specified in section 33-15-
17-01 any particulate matter which:

5. Would have an adverse impact on visibilitydaéned in chapter 33-15-19, on
any federal class | area.”

In addition to the above programs, the followingission control programs/rules, which do not
specifically address visibility impairment, contrtte emission of pollutants that cause or
contribute to visibility impairment:

NDAC Chapter 33-15-03 Restriction of Emission a$ilWle Air Contaminants

NDAC Chapter 33-15-05 Emissions of Particulate tstaRestricted

NDAC Chapter 33-15-06 Emissions of Sulfur CompaiRe@stricted

NDAC Chapter 33-15-07 Control of Organic Compoukdsissions

NDAC Chapter 33-15-08 Control of Air Poliah from Vehicles and Other Internal
Combustion Engines

NDAC Chapter 33-15-12 Standards of Performancé&léw Stationary Sources

NDAC Chapter 33-15-14 Designated Air Contamiraotirces, Permit to Construct,
Minor Source Permit to Operate, Title V PertaiDperate

NDAC Chapter 33-15-20  d@htrol of Emissions from Oil and Gas Well Produntio
Facilities

NDAC Chapter 33-15-21 Acid Rain Program

NDAC Chapter 33-15-22  rRissions Standards for Hazardous Air Pollutants for
Source Categories

It should be noted that unless specifically statethe text, all references to existing rules or
emission control programs are intended only to i@¥nformation about various aspects of the
program described and are neither being submittdeA for approval nor being incorporated
into the SIP as Federally enforceable measurégyf haven't previous been incorporated.

This SIP is North Dakota’s comprehensive visibilithan which now contains both Phase 1 and
Phase 2 visibility requirements. It addressessgkats of North Dakota’s visibility improvement
program.

North Dakota is also setting emission limits asag pf this SIP for those sources subject to Best
Available Retrofit Technology (BART) requirementsRhase 2 of the RHR which are described
in detail in chapter 7 of this SIP.

This SIP documents those programs, rules, processdscontrols deemed appropriate as
measures to reduce regional haze and protect getity in North Dakota toward meeting the
2018 and 2064 goals established in the EPA RHRC#AL

EPA has several existing emission control progfares which do not specifically address

visibility impairment that will control the emissioof pollutants that cause or contribute to
visibility impairment which will impact North DakatClass | areas. They include:
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CAIR. CAIR will permanently cap emissions of $&nd NQ from EGUSs in the eastern United
States by 2015. When fully implemented, CAIR agioally promulgated would have reduced
SO, emissions from EGUs in these states by more tl886, and NQ emissions by more than
60%, from 2003 levels. CAIR has been remanded aiteplacement rule likely to take 2 years
to finalize. Any emission reductions from a CAl&placement rule are unknown at this time.
When winds are from an easterly direction, Norttk@a Class | areas will see some benefit
from the CAIR reductions.

NOx SIP Call. Phase | of the NOSIP call applies to certain EGUs and large non-EGU
including large industrial boilers and turbinesgdaement kilns in the eastern United States. It is
expected to reduce N@missions by 90% to mitigate ozone transport. Mlmds are from an
easterly direction, North Dakota Class | areas sat some benefit.

Heavy Duty Diesel (2007) Engine Standard (for oadrdrucks and busesfhe EPA set a PM
emissions standard for new heavy-duty enginesQdf Qrams per brake-horsepower-hour(g/bhp-
hr), to take full effect for diesel engines in @07 model year. This rule also includes standards
for NOx and non-methane hydrocarbons (NMHC) of 0.20 gMwhpand 0.14 g/bhp-hr,
respectively. These NOCand NMHC standards will be phased in together betw2007 and
2010, for diesel engines. Sulfur in diesel fuel traeslowered to enable modern pollution control
technology to be effective on these trucks and ©iuSée EPA will require a 97 percent
reduction in the sulfur content of highway dieseélffrom its current level of 500 parts per
million (low sulfur diesel, or LSD) to 15 parts paillion (ultra-low sulfur diesel, or ULSD).

Tier 2 Tailpipe (On-road vehiclesfhe EPA mobile source rules include the Tier 2ftfle
averaging program, modeled after the California LEE¥tandards. Manufacturers can produce
vehicles with emissions ranging from relativelytglito zero emissions, but the mix of vehicles a
manufacturer sells each year must have averageeNssions below a specified value. Tier 2
standards became effective in the 2005 model year.

Large Spark Ignition and Recreational Vehicle Rulee EPA has adopted new standards for
emissions of NQ hydrocarbons, and carbon monoxide from severaupgg of previously
unregulated nonroad engines. Included in thesdaage industrial spark-ignition engines and
recreational vehicles. Nonroad spark-ignition emgirare those powered by gasoline, liquid
propane gas, or compressed natural gas rated Ovkildlvatts (kW) (25 horsepower). These
engines are used in commercial and industrial egiptins, including forklifts, electric
generators, airport baggage transport vehicles, andariety of farm and construction
applications. Nonroad recreational vehicles incladewmobiles, off-highway motorcycles, and
all-terrain-vehicles. These rules were initiallfeetive in 2004 and will be fully phased-in by
2012.

Nonroad Diesel RuleThis rule sets standards that will reduce emmsshly more than 90 percent

from nonroad diesel equipment, and reduce sulfuel$eby 99 percent from current levels in

nonroad diesel fuel starting in 2007. This step aplply to most nonroad diesel fuel in 2010 and
to fuel used in locomotives and marine vessel9iP2
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Industrial Boiler/Process Heater MACT$he EPA issued final rules to substantially reduce
emissions of toxic air pollutants from industriedmmercial and institutional boilers and process
heaters. These rules reduce emissions of a nunildexio air pollutants, including hydrogen
chloride, manganese, lead, arsenic and mercur@09.2l'his rule also reduces emissions of SO
and PM in conjunction with the toxic air pollutaeductions. The applied Maximum Achievable
Control Technology (MACT) control efficiencies wedepercent for S@and 40 percent for
PM;p and PM5s The EPA'’s industrial boiler MACT rules were vaméton June 8, 2007,
however it is believed that by 2018 the USEPA Wwdlve re-promulgated a boiler MACT rule;
however, the emission reductions may change frasetlof the vacated rule.

Combustion Turbine and Reciprocating Internal Costibn Engines MACTsThe EPA MACT
regulations for Gas Turbines and stationary Recging Internal Combustion will have NO
co-benefit effects.

VOC 2-, 4-, 7-, and 10-year MACT Standard&rious point source MACTs and associated
emission reductions have been implemented by EPA.

2.6 Reasonable Progress Toward the 2064 Visibilitgoals

Section 51.308(d) contains the core requirememtthiregional haze SIP. The requirements for
reasonable progress goals (RPG) are found in 5dBa$ which reads:

“Reasonable progress goals. For each mandatorg Clsderal area located within the
State, the State must establish goals (expressaecimiews) that provide for reasonable
progress towards achieving natural visibility cdiwtis. The reasonable progress goals
must provide for an improvement in visibility fdre most impaired days over the period
of the implementation plan and ensure no degradatiovisibility for the least impaired
days over the same period.”

The reasonable progress goals are interim goal$ tepresent incremental visibility
improvement over time for the most-impaired (20% stlodays and no degradation in visibility
for the least-impaired (20% best) days. The fiegional haze plan that States must submit to
EPA needs to include RPGs for the year 2018, atswhk as the “2018 milestone year”. The
State has the flexibility in establishing differédRPGs for each Class | area. In establishing the
RPG, the State must consider four factors:

» the costs of compliance;

» the time necessary for compliance;

* the energy and non-air quality environmental impadtcompliance; and
» the remaining useful life of any potentially affedtsources.

States must demonstrate how these factors were tateconsideration in selecting the RPG for
each Class | area.
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The North Dakota Department of Health has worketth Whe Western Regional Air Partnership
(WRAP) and with the WRAP’s ongoing modeling progras well as implemented our own

modeling program to establish and refine RPGs @di8Zor the North Dakota Class | areas. This
process is described in detail in sections 8 and 9.

The RPGs for each North Dakota Class | area estaai for 2018 are found in section 9.
Required BART controls will be installed and becoroperational as expeditiously as
practicable, but no later than five years aftes t8IP is approved by EPA. The controls are
expected to be operational in 2013 - 2014.

The technical analyses described in this SIP detraiesthat emissions both inside and outside
of North Dakota have an appreciable impact on taéeS Class | areas. This includes emissions
from neighboring states as well as internationalssimns from Canada, especially from the
provinces of Alberta and Saskatchewan. Emissiorralsnfrom many sources outside of North
Dakota will not be fully defined during this rounof the Regional Haze SIP process,
necessitating consideration of outside controls dmdher interstate and possibly tribal
consultation in the reasonable progress processtiblish refined reasonable progress goals.
The EPA, through the Department of State, will heavevork with Canada and its provinces to
reduce visibility impairing pollutants that impadbrth Dakota and other states’ Class | areas.
Until SIP controls including BART and other progmamutside of North Dakota are defined,
modeled and analyzed, North Dakota cannot fullyeaeine progress toward the 2018 goal or
the 2064 goal. North Dakota will make its besempt at demonstrating progress toward the
goals based on addressing sources within its dontro
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3. Plan Development and Consultation

The State is required by Section 51.308(d) (3f(ihe EPA Regional Haze Rule to consult with
other states to develop coordinated emission mamagestrategies for Class | areas in those
states North Dakota’s emissions impact or thosestahose emissions impact North Dakota’s
Class | areas and by Section 51.308(i) to consitltt the federal land managers of the Class |
areas in our state and the Class | areas in oiigesghat emissions from North Dakota impact.

3.1 Consultation with Federal Land Managers

The North Dakota Department of Health consults i FLMs as a part of the WRAP and as
needed directly with the National Park Service &h8. Fish and Wildlife Service in Denver,
CO. They have reviewed and commented on North @&k8ART modeling protocol and draft
BART determinations submitted by the BART sources.

The National Park Service, the U.S. Fish and Wedbkervice, and the U.S. Forest Service
(federal land manager of Boundary Waters Canoe Avdderness in Minnesota) were each
furnished copies of the draft SIP for review andhowent as part of the required 60 day FLM
comment period (Section 51.308(i)(2)). Contimuconsultation with the three FLM’s in the

future as required by 40 CFR 51,308(i)(4) is adskrdsn Section 11.1.1.

3.1.1 FLM Comments Provided During 60 Day Comment &riod

A draft was provided to the FLMs in August 2009 fbeir 60-day consultation period. The
FLM comments are included in Appendix J.

3.1.2 Response to FLM Comments

The Department’s responses to the FLM’s commetsnatuded in Appendix J.

3.1.3 FLM Comments Provided on BART Portion of SIFHn 2008

The Department had originally planned to submit B#ART portion of the regional haze SIP
separately from the Reasonable Progress portidheo§1P. The BART portion (which is now
Section 7) was submitted to the FLMs in June of&@8 part of the required 60-day FLM
comment period.

Comments that were received from the FLMs in Augiis2008 are attached in Appendix J.1.1
and discussed further in Section 7. They have be@rwed and considered by the Department
and included as appropriate in Section 7 of thisexu SIP. The Department’s responses to the
FLM comments are attached in Appendix J.1.2.
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3.2 Consultation with EPA Region 8

The North Dakota Department of Health has consulighl EPA as a part of the WRAP and as
needed directly with Air Program staff of the EPAd®n 8 office in Denver, CO in developing
this SIP. EPA has reviewed and commented on thie 8@&RT modeling protocol, the BART
Air Pollution Control Permit to Construct templated the draft BART determinations submitted
by the BART sources.

In June of 2008, the Department submitted the BARIfion of the SIP to EPA Region 8 at the
same time it was submitted to the FLMs as discuss&action 3.1.3. Comments were received
from EPA and are attached as Appendix J.3.1. TkeaBment's responses to the EPA
comments are attached as Appendix J.3.2.

EPA was also provided a copy for comment of thdt @& at the time it was provided to the
FLMs as a part of the FLM 60 day comment periodne Department considered the EPA
comments and made appropriate revisions to the SIP.

The Department also consulted with EPA Region &eoring Class | areas in Montana as they
are preparing a federal implementation plan for dMoa.

3.3 Consultation with Other States

The North Dakota Department of Health has consult@dl our neighboring states of South
Dakota and Montana through the WRAP and as neeutididually. We also participated in

monthly teleconferences from 2004 through 2008 witimnesota and Michigan, the states
containing the four northern Class | areas (Boundafaters Canoe Wilderness Area and
Voyageurs National Park in Minnesota, Isle Roya#idhal Park and Seney National Wildlife
Refuge Wilderness Area in Michigan), and otherestah CENRAP and LADCO. We also

individually consulted as needed with Minnesota, reighbor directly to the east.

As a result of the consultations, Minnesota semeamorandum dated September 19, 2007 to
North Dakota and other states impacting Minneso@&ss | areas. Minnesota requested a
response documenting these consultations have &ea to the satisfaction of North Dakota or

detailing areas where additional consultation sthondcur. In those states Minnesota has
identified as additional contribution states, thagked those states to respond with their
agreement or disagreement with Minnesota’s detextimin of contributing states and the

additional control strategies that will be evaldateMinnesota’s memorandum and the NDDoH
letter of response dated August 22, 2008 are athrhAppendix J.2.

These states were notified of the availabilityred tiraft SIP at the time it was sent to the FLMs.
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3.4 Regional Planning Consultation

The North Dakota Department of Health became a meenab the Western Regional Air
Partnership (WRAP) in March of 1999. WRAP is onefigé regional planning organizations
representing 13 western states, tribes in thosesstiederal agencies including EPA and FLMs,
environmental organizations, industry, academiosg, @her stakeholders. Department staff has
participated and continues to participate in manf AR committees and workgroups including
the Air Managers Committee, the Initiatives OvensigCommittee, the Technical Oversight
Committee, the Emissions Forum, the Stationary &mudoint Forum, the Technical Analysis
Forum, the Implementation Workgroup, and the BAR®rkgroup. Membership in the WRAP
and participation in its many committees, forums aorkgroups allows consultation with the
many organizations WRAP represents.

3.5 Consultation with Tribes

The Department notified the tribes in North Dakotahe public hearing and comment period on
the draft RH SIP. The Department also notified YWiBRAP Tribal Caucus Coordinator of its
intent to draft a SIP to address regional haze pravided a list of contacts within the
Department (see Appendix J.4).

3.6  Other Consultation

The Department has monthly teleconferences with Séject-to-BART sources in North
Dakota and has quarterly meetings with the Ligaiergy Council, an organization representing
lignite coal mines and users within the State.
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4. Monitoring Strategy and Other Implementation Plan
Requirements

Part 40 CFR 51.305 and 51.308(d)(4) of the Fedeegional Haze Rule requires states to have a
monitoring strategy in the SIP for addressing raabty attributable visibility impairment
(RAVI) and regional haze visibility impairment ihd federal Class | areas within the State. The
monitoring strategy required by 40 CFR 51.305 iscdssed in Section 4.1. The monitoring
strategy required by 40 CFR 51.308(d)(4) is summearin Section 4.2 and is made a part of this
RH SIP.

4.1 RAVI Monitoring Strategy in Current North Dakota Lo ng Term
Strategy

The RAVI monitoring strategy required by 40 CFR3Ib was first included in the long term
strategy section of North Dakota’s first visibilipyotection SIP dated October 1, 1987 as Section
6.10. The visibility monitoring strategy was remdoon March 1, 1994 with Section 6.12. It was
again replaced on January 1, 1996 with Section 6flthe SIP which is the present RAVI
monitoring strategy. Section 6.13 is:

Air Quality Surveillance

In April 1994, Section 6.12 of the SIP was submniitt® EPA indicating visibility
monitoring was not necessary due to a lack of Mgibimpairment and a database
indicating stable conditions. In late 1994 andy4#895, there has been a resurgence of
activity in the oil fields of Western North Dakot@he purpose of Section 6.13 is to
withdraw Section 6.12 and identify current actedtiregarding visibility monitoring.

An increase in oil drilling activities in 1995 hpsompted the Park Service to revisit the
idea of establishing visibility monitoring sitestae Class | areas in North Dakota. The
Department has met with the Park Service to disaussigements for financing visibility
monitoring. The Department has offered to use fuindish an environmental trust that
was established through deposits from penaltideateld on several enforcement cases.
Theodore Roosevelt National Park (TRNP) Servicécials were receptive and have
transmitted requests to their offices in DenveanBlcurrently call for the Department
and the Park Service to enter into a memoranduranderstanding to proceed with
establishing visibility monitoring at TRNP.

The Federal Land Managers installed IMPROVE mositorTheodore Roosevelt National Park
South Unit and Lostwood National Wildlife Refugelidirness Area in December of 1999.

The Department also worked with the National Pagkvise to install a webcam at the South

Unit of TRNP using funds from the environmentaktras included in Section 6.13. The webcam
became operational in August of 2002. It can bess®d on the internet at:
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http://www.nature.nps.gov/air/WebCams/parks/thratiarmcam.cfm In addition to the webcam
picture, current conditions for ozone, sulfur diae fine particulate matter (BY) and weather
have been added and can be observed.

4.2 Regional Haze Visibility Impairment Monitoring Strategy and
Other Implementation Plan Requirements

Section 51.308(d)(4) requires that the State mu&im# with the implementation plan a
monitoring strategy for measuring, characteriziagd reporting of regional haze visibility
impairment that is representative of all mandaiGtgss | Federal areas within the State. This
monitoring strategy must be coordinated with thenitwoing strategy required in section 51.305
for reasonably attributable visibility impairmen€ompliance with this requirement may be met
through participation in the Interagency Monitorimgf Protected Visual Environments
(IMPROVE) network. The IMPROVE monitoring prograsndiscussed in section 4.3.

The state of North Dakota will depend on the Irgeracy Monitoring of PROtected Visual
Environments (IMPROVE) monitoring program to cotlend report aerosol monitoring data for
long-term reasonable progress tracking as spediii¢de Regional Haze Rule (RHR). Because
the RHR is a long-term tracking program with an lenpentation period nominally set for 60
years, the state expects that the IMPROVE prograinpvovide data based on the following
goals:

1. Maintain a stable configuration of the indivitluaonitors and sampling sites, and
stability in network operations for the purpose aantinuity in tracking reasonable
progress trends;

2. Assure sufficient data capture at each sitdl @isability-impairing species;
3. Comply with EPA quality control and assuranagureements; and
4. Prepare and disseminate periodic reports on IONARprogram operations.

The state of North Dakota is relying on the IMPROYEOgram to meet these monitoring
operation and data collection goals, with the fumeatal assumption that network data
collection operations will not change, or if chadg®ill remain directly comparable to those
operated by the IMPROVE program during the 2000428HR baseline period. Technical
analyses and reasonable progress goals in thigmapitation plan for Regional Haze are based
on data from these sites. As such, the Statethskshe IMPROVE program identify potential
issues affecting RHR implementation trends and/otifyn the State before changes in the
IMPROVE program affecting a RHR tracking site arade.

Further, the state of North Dakota notes that tln@dn resources to operate these monitors are
provided by Federal Land Management agencies. mEkyoat in-kind contribution, resources
for operation and sample analysis of a completeraptesentative monitoring network of these
long-term reasonable progress tracking sites bylMROVE program are a collaborative
responsibility of the EPA, states, tribes, and FLkisd the IMPROVE program steering
committee. The state of North Dakota will colladier with the EPA, FLMs, other states, tribes,
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and the IMPROVE committee to assure adequate gmdsentative data collection and reporting
by the IMPROVE program. North Dakota will conswith the FLMs if IMPROVE monitoring
budget changes will threaten Class | area mongowithin North Dakota, or in Class | areas
affected by emissions from North Dakota.

Section 51.308(d)(4)(i) requires that the impleraéoh plan must also provide for the
following:

(i) The establishment of any additional monitoringssibe equipment needed to assess
whether reasonable progress goals to address eddiare for all mandatory Class
| Federal areas within the State are being achieved

The state of North Dakota depends on the followiPROVE program-operated monitors
listed in Table 4.1 for tracking RHR reasonablegpess.

Table 4.1
IMPROVE Monitoring Sites in North Dakota

IMPROVE Class | Area Sponsor Start Date Elevation
Monitoring Site MSL
LOST1 Lostwood National | US Fish and 12/1999 696 m
Wilderness Area Wildlife Service 2283 ft
THRO1 Theodore Roosevelt National Park 12/1999 862 m
National Park-South| Service 2828 ft
Unit, North Unit,
Elkhorn Ranch Unit

Note that the THRO1 IMPROVE monitor is located la¢ tPainted Canyon Overlook in the

South Unit of Theodore Roosevelt National Park. TRIRO1 IMPROVE monitor also serves

and is representative of haze conditions in thearsdp North Unit and the separate Elkhorn
Ranch Unit of the Park. The monitor was sitedhat ¢xisting monitoring site at the Painted
Canyon Overlook in December 1999 by the federaheige running the IMPROVE program.

Site selection followed criteria in the Improve ®Rarate Monitoring Network Procedures for

Site Selection, February 24, 1999, to be represeataf the Park’s three units. The existing site
at the Painted Canyon Overlook met all the sitingega including that all areas represented by
the site should be within 100 km of a current oteptial site. The northern boundary of the
North Unit is approximately 80 km away from theesiand the Elkhorn Ranch Unit is

approximately 45 km away.

The state of North Dakota will also operate add#ionon-IMPROVE monitors that may be used
in the future evaluations of Class | area visipiliThese may include P) speciation or Federal
Reference Methods, monitoring systems for, SO, ozone, continuous PM, continuous
PMj, and meteorological monitors for wind speed, witdidection, ambient temperature,
ambient pressure, relative humidity, solar radmgti@and precipitationMonitors presently
operating are listed in Table 4.2.
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Table 4.2
Additional non-IMPROVE Monitors

Sampling &Analysis Operating
Monitoring Site Parameter Method Schedule
Lostwood National Wildlife Refuge Sulfur Dioxide Instrumental Pulsed Florescent Continuous
AQS#: 38-013-0004 Nitrogen Dioxide| Instrumental Chemiluminescence Continuous
Co-located with the LOST1 IMPROVE Ozone Instrumental Ultra Violet Continuous
site. PM, 5 PM, s SCC W/No Correction Continuous
TEOM Gravimetric 40 Celsius
PM;o PM,o TEOM Gravimetric 56 Continuous
Celsius
Wind Speed Elec. or Mach Avg. Level 1 Continuous
Wind Direction Elec. or Mach Avg. Level 1 Continuous
Ambient Elec. or Mach Avg. Continuous
Temperature
Delta Elec. or Mach Avg. Continuous
Temperature
Ambient Barometric Pressure Transducer Continuous
Pressure
Solar Radiation Pyranometer Continuous
Relative Hydgroscopic Plastic Film Continuous
Humidity
Theodore Roosevelt National Park Sulfur Instrumental Pulsed Florescent Continuous
North Unit Dioxide
AQS# 38-053-0002 Nitrogen Dioxide| Instrumental Chemiluminescence Continuous
Ozone Instrumental Ultra Violet Continuous
PM, 5 PM, s SCC W/No Correction Continuous
TEOM Gravimetric 40 Celsius
PMy, PM,, TEOM Gravimetric 56 Continuous
Celsius
Wind Speed Elec. or Mach Avg. Level 1 Continuous
Wind Direction Elec. or Mach Avg. Level 1 Continuous
Ambient Elec. or Mach Avg. Continuous
Temperature
Ambient Barometric Pressure Transducef Continuous
Pressure
Relative Hydroscopic Plastic Film Continuous
Humidity
Theodore Roosevelt National Park Sulfur Instrumental Pulsed Florescent Continuous
South Unit Dioxide
Co-located with the THRO1 IMPROVE Ozone Instrumental Ultra Violet Continuous
Site. PM, 5 PM,s SCC W/ No Correction Continuous
TEOM Gravimetric 50 Celsius
Wind Speed Elec. or Mach Avg. Level 1 Continuous
Wind Direction Elec. or Mach Avg. Level 1 Continuous
Ambient Elec. or Mach Avg. Continuous
Temperature
Relative Hydroscopic Plastic Film Continuous
Humidity
Solar Radiation Pyranometer Continuous
Precipitation Recording Weighting Continuous
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It should be noted that the two IMPROVE monitorsalied at the Theodore Roosevelt National
Park South Unit and the Lostwood National WildemmAsea have complete data for the period
2000 through 2004 and are relied upon in this Reidtlaze SIP to establish the baseline
deciview conditions.

In addition, the National Park Service monitors dhgposition at the Theodore Roosevelt
National Park South Unit monitoring site. The degpdsition is analyzed for SONO;, HNO;,
NH,4, and SQweekly.

Section 51.308(d)(4)(ii) requires that the impletagon plan must also provide for the
following:

(i) Procedures by which monitoring data and otheformation are used in
determining the contribution of emissions from wntlthe State to regional haze
visibility impairment at mandatory Class | Fedesa¢as both within and outside
the State.

The state of North Dakota will use data reportedtty IMPROVE program as part of the
regional technical support analysis tools foundthet Visibility Information Exchange Web
System (VIEWS), as well as other analysis tools$ #éma available from EPA, FLMs and other
states and tribes. The state of North Dakota padltticipate in any ongoing regional analysis
activities to collectively assess and verify thegress toward reasonable progress goals, also
supporting interstate consultation as the RHR glémented, and collaborate with EPA, states,
tribes, and FLMs to ensure the continued opearatioexisting technical support analysis tools
and systems developed by WRAP. If the WRAP systaiseppear, North Dakota will develop
or contract for other technical support analystds@nd systems as necessary.

The state of North Dakota may conduct additionalyses as needed.

Section 51.308(d)(4)(iv) requires that the impletaéon plan must also provide for the
following:

(iv) The implementation plan must provide foe tteporting of all visibility monitoring
data to the Administrator at least annually forreamandatory Class | Federal area
in the State. To the extent possible, the Statelldheport visibility monitoring
data electronically.

The state of North Dakota will depend on the raaitimely reporting of haze monitoring data by
the IMPROVE program for the reasonable progressking sites to the EPA air quality data
system and VIEWS. The state of North Dakota wdlllaborate with EPA, states, tribes, and
FLMs to ensure the continued operation of exisitMi@AP technical support analysis tools and
systems.

The additional non-IMPROVE monitoring is conductaud the data collected and reported in
accordance with EPA guidance. It is reported thhowlectronic data transfer techniques
quarterly.
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Section 51.308(d)(4)(v) requires that the impleragah plan must also provide for the
following:

(v) A statewide inventory of emissions of pollutathat are reasonably anticipated to
cause or contribute to visibility impairment in amandatory Class | Federal area.
The inventory must include emissions for a basefie@r, emissions for the most
recent year for which data are available, and edém of future projected
emissions. The State must also include a commitrteentpdate the inventory
periodically.

The state of North Dakota has prepared a statewwidmtory of emissions that can reasonably
be expected to cause or contribute to visibilitpanment in Federal Class | Areas. Section 6 of
this plan summarizes the emissions by pollutantsanuice category.

The state of North Dakota commits to updating state emissions inventories periodically and
submitting data to the EPA NEI system. The updatéise used for state tracking of emission
changes, trends, and evaluation of whether reatomabgress goals are being achieved and
other regional analyses. The inventories will belaipd every one to three years on the same
schedule as the every three-year reporting reqinyelPA’s Consolidated Emissions Reporting
Rule and the Air Emissions Reporting RequirementseR The Air Emissions Reporting
Requirements Rule will completely replace the Ctidated Emissions Reporting Rule after the
2008 emission inventory data submittal which is ttudéune 1, 2010.

As a member of the WRAP, North Dakota will contintoeuse the WRAP-sponsored Emissions
Data Management System (EDMS) and Fire EmissioasKimg System (FETS) to store and
access emission inventory data for the region ag bs they are maintained and available. If
they are not available, North Dakota stores itadathouse. North Dakota will continue to
conduct its own modeling to simulate the air qyaiibhpacts of emissions for haze and other
related air quality planning purposes. The statéNofth Dakota will collaborate with EPA,
states, tribes and FLMs to ensure the continuedatipa of existing WRAP technical support
analysis tools and systems.

Section 51.308(d)(4)(vi) requires that the impletaéon plan must also provide for the
following:

(vi) Other elements, including reporting, recordkieg, and other measures,
necessary to assess and report on visibility.

The state of North Dakota will track data relatedRHR haze plan implementation for sources
for which the state has regulatory authority, antl depend on the IMPROVE program for
monitoring data. To ensure the availability ofadahd analyses to report on visibility conditions
and progress toward Class | area visibility gothls, state of North Dakota will collaborate with
EPA, states, tribes and FLMs to ensure the condiroperation of the IMPROVE program and
the existing WRAP-sponsored technical support a&mslyools and systems for emissions
inventory data.
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4.3 Overview of the IMPROVE Monitoring Network

In the mic-1980’s, the Interagency Monitoring of PROtected Vi Environments (IMPROVE
program was established to measure visibility immpant in mandatory Class | Federal ar
throughout the United States. The monitoring sii@soperated and maintained through a fol
cooperative relationship between the EPAtional Park Service, U.S. Fish and Wildl
Service, Bureau of Land Management, NOAA and U.Bre$t Service. In 1991, seve
additional organizations joined the effort: NatibAasociation of Clean Air Agencies, Weste
States Air Resources Council (WTAR), Mid-Atlantic Regional Air Management Associati
(MARAMA) and Northeast States for Coordinated AsdJManagement (NESCAUN

The objectives of the IMPROVE program include elsing the current visibility and aeros
conditions in mandatory Cle | Federal areas; identifying the chemical specia$ @missior
sources responsible for existing hui-made visibility impairment; documenting lc-term
trends for assessing progress towards the natiorsability goals; and supporting tt
requirements (the Regional Haze Rule by providing regional hazmitoring representing &
visibility -protected Federal Class | areas where practiogiir€i4.1 shows the IMPROVE site
Lostwood National Wilderness Area, and Figure ©h@ws the four separate mods used fo
sampling the different pollutant spec

Figure 4.1
Pictures of theIMPROVE Monitoring Site at
Lostwood National Wilderness Are:

Exterior
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Interior
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The IMPROVE sampler consists of four separate nexlfdr measuring regional haze

Figure 4.2
IMPROVE Sampler Module
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The data collected at the IMPROVE monitoring sitge used by land managers, industry
planners, scientists, public interest groups amdgaality regulators to better understand and
protect the visual air quality resource in Classdas. Most importantly, the IMPROVE Program
scientifically documents the visual air qualitytbé wilderness areas and national parks.

The IMPROVE program has developed methods for esing light extinction from speciated
aerosol and relative humidity data. The three ncostmon metrics used to describe visibility
impairment are:

Extinction (bex) — Extinction is a measure of the fraction of ligbst per unit length
along a sight path due to scattering and absorfiyogases and patrticles, expressed in
inverse Megameters (MM). This metric is useful for representing the citmttion of
each aerosol species to visibility impairment aad be practically thought of as the units
of light lost in a million meter distance.

Visual Range (VR)- Visual range is the greatest distance a largeklddject can be
seen on the horizon, expressed in kilometers (kniles (mi).
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Deciview (dv) — This is the metric used for tracking regional éhaz the RHR. The
deciview index was designed to be linear with resp@ human perception of visibility.
A one deciview change is approximately equivalentat 10% change in extinction,
whether visibility is good or poor. A one deciviesthange in visibility is generally
considered to be the minimum change the averagopeaan detect with the naked eye.
See Section 5.1 for additional information.

For reference, Figure 4.3 compareg Im Mm™, deciviews (dv) which are unitless, and visual
range in kilometers (km).

Figure 4.3
Comparison of Extinction (Mm™), Deciview (dv), and Visual Range (km)
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The IMPROVE network estimates light extinction lhsgon the measured mass of various
contributing aerosol species. EPA’s 2003 guidancedlculating light extinction is based on the
original protocol defined by the IMPROVE program 1988. For further information, see:

http://vista.cira.colostate.edu/improve/PublicasiituidanceDocs/guidancedocs.htm

In December 2005, the IMPROVE Steering Committeeedvdo adopt a revised algorithm for
use by IMPROVE as an alternative to the origingdrapch.

The choice between use of the default or the rdvisguation for calculating the visibility

metrics for each Class | area is made by the @tateéhich the Class | area is located. North
Dakota has chosen to use the revised equation. rd@Vised algorithm for estimating light

extinction is calculated as recommended for usthbyyMPROVE steering committee using the
following equations:

Dext = 2.2xE(RH)%[Small Amm. Sulfate] + 4.8%f(RH)x[Large Amm. Sulfate]

+2.4x§ (RH) x [Small Amm. Nitrate] + 5.1%f(RH) x [Large Amm. Nitrate]

+2.8x [Small Particulate Organic Matter] + 6.1x f[ga Particulate Organic
Matter]

+10x% [Elemental Carbon]

+1x [Fine Soil]

+1.7x§s(RH) x [Sea Salt]

+0.6x [Coarse Mass]

+0.33x [NQ(ppb)]

+Rayleigh Scattering (Site Specific)
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Where:

bex: = light extinction in units of inverse megamet@vin™),
fs(RH) = function of relative humidity for small sizeaction,
fL(RH) = function of relative humidity for large sisction,
fsdRH) = function of relative humidity for sea saifd

all species concentrations are provided in fg/m

The revised algorithm splits ammonium sulfate (§NBO;), ammonium nitrate (NFNO3) and

total particulate organic matter (POM =1.8 x orgagzarbon) concentrations into small and large
size fractions. The equations for ammonium suléaee

[Large (NH),SOJ] = [Total (NH.),SOj)*> + 20, for [Total (NH),SQj < 20 ug/n
[Large (NH,).SOy] = [Total (NH,)>SQy], for [Total (NHs)-SO] > 20pg/nd

[Small (NH,),SOy] = [Total (NH:),SOy] — [Large (NH),SOJ]

Similar equations are used to apportion total amormomitrate and total particulate organic
matter concentrations into small and large sizetivas.

Light extinction is converted to deciview using folowing relationship:
dv = 10 x In(lax/10)
Where:

dv = deciview,
bex: = light extinction in units of inverse megamet@vin™).
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5. Baseline and Natural Visibility Conditions and Uiform Rate
of Progress for North Dakota Class | Areas

5.1 The Deciview

The Clean Air Act (Section 169A(a)(1)) states “Croagg hereby declares as a national goal the
prevention of any future, and remedying of any taxisimpairment of visibility in mandatory
Class | Federal areas which impairment results froem-made air pollution.” In order to
achieve this goal, all man-made pollution must fiemieated such that natural conditions
(visibility) are restored. Natural conditions inde naturally occurring phenomena that reduce
visibility as measured in terms of light extinctjonsual range, contrast, or coloration (40 CFR
51.301). The State is required to develop a S#? tbntains measures that make reasonable
progress toward the national goal of no man-masi&ility impairment.

The primary metric for assessing baseline conditimatural conditions and the rate of progress
is the deciview. A deciview is a haze index detiyeom calculated light extinction, such that
uniform changes in haziness correspond to unifecreimental changes in perception across the
entire range of conditions, from pristine to higliypaired. The deciview index is calculated
based on the following equation:

Deciview haze index = 10 In {10 Mm™)

Where: Ry = the atmospheric light extinction coefficient exgsed in inverse megameters
(Mm™)

The deciview scale is zero for pristine conditiamsl increases as visibility degrades. Each one
deciview change represents a perceptible or smstrjoticeable change in visual air quality or
haziness to the average person under most circnoestavhen viewing scenes in Class | areas
regardless of background visibility conditions. iSTIs approximately a 10% change in the light
extinction (Mni') reading.

In order to determine the rate of progress of Wligftimprovement, the baseline conditions and
natural conditions must be determined for each<lamea. The baseline visibility conditions
are calculated from IMPROVE data for the years 20004. Natural visibility conditions are
determined by estimating the natural concentrataingsibility impairing pollutants that existed
prior to man’s influence. These concentrationstiae& used to calculate light extinction and the
deciview metric.

5.2 Baseline Visibility Conditions
The Class | Federal Areas in North Dakota are thelNUnit, South Unit and Elkhorn Ranch

Unit of Theodore Roosevelt National Park and thestwood Wilderness Area. Although
IMPROVE monitoring data is not available for the ifioUnit and Elkhorn Ranch Units of
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TRNP, the Department considers monitoring data ftben South Unit to be representative of
conditions at the other two units. See Sectiorfaer.2 discussion of the representativeness of the
monitor in the South Unit for the other two unit§ ®RNP. Since the monitoring is
representative, we only refer to the TRNP althotingine are three distinct separate areas.

Baseline visibility is the average of the IMPROVEomitoring data for 2000 through 2004.
Baseline visibility is calculated for both the 2@rpent best and 20 percent worst days. The
monitoring data from the IMPROVE sites as plottgd WRAP and displayed on their TSS
website are shown in Figures 5.1 - 5.4.

Figure 5.1

Manitoring Data for Warst 20% visibility Days
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Figure 5.2

Monitaring Data for Best 20% Visibility Days
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Figure 5.3

Figure 5.4
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Based on the IMPROVE data, the baseline visibdapditions in the North Dakota Class | areas

are shown in Table 5.1.

Table 5.1
Baseline Visibility (Deciviews)
TRNP LWA
20% 20% 20% 20%

Year Best Days Worst Days Best Days Worst Days
2000 8.2 18.1 9.1 19.7
2001 7.8 18.0 8.2 20.6
2002 7.8 17.0 7.9 18.8
2003 7.5 18.4 7.9 18.6
2004 7.5 175 7.9 20.2
Baseline (avg.) 7.8 17.8 8.2 19.6

Note: Figures 5.1-5.4 and Table 5.1 are based®retlised IMPROVE Algorithm. The source
of the figures and data is the WRAP TSS websitedeécription of the WRAP methodology is
found in Appendix A.5.

5.3 Natural Visibility Conditions

EPA has prepared “Guidance for Estimating Natungibdity Conditions Under the Regional
Haze Program” (EPA-454/B-03-005, Sept. 2003) to dmtes in estimating natural visibility
conditions. Natural visibility conditions represethe long-term degree of visibility that is
estimated to exist in a given Class | area in thgeace of man-made impairment. Natural
visibility conditions are not constant, but varytlwichanging natural processes such as fire,
windblown dust, volcanic activity and biogenic esiiss. EPA has developed a default
approach which will satisfy the requirements faoe thitial SIP which addresses regional haze.
The default approach defines two separate regibribeo United States (1) The East, which
consists of all states east of the Mississippi Riad up to one tier of states west of the
Mississippi; and (2) the West, including the regiaf the Mountain and Pacific time zones.
States that are near the boundary between Eastvastlare free to choose which set of natural
visibility values are more appropriate and adopsévalues. North Dakota is considered to be
in the West Region; however, it is one of thoséestshat are on the boundary of East and West.
Appendix B of EPA guidance document provides thdawle natural extinction values
(deciviews) for both the best and worst days. Thieies for the North Dakota Class | areas are
shown in Table 5.2.
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Table 5.2
EPA Default Natural Visibility Conditions (Deciviews)

Area Best Days Worst Days
TRNP 2.19 7.31
LWA 2.21 7.33

These natural visibility condition values were cddted based on an IMPROVE algorithm
which has since been modified. The new IMPROVEagiqu accounts for the effect of particle
size distribution on light extinction efficiency sfilfate, nitrate and organic carbon. The mass
multiplier for organic carbon is increased from 4l.8. New terms were added to the equation
to account for light extinction by sea salt andhtigbsorption by gaseous nitrogen dioxide. Site
specific values are used for Rayleigh scatteringa¢oount for variations in elevation and
temperature. Separate relative humidity enhancefaetors are used for small and large size
distributions of ammonium sulfate, ammonium nitratel sea salt.

The WRAP calculated the natural background vigdipikkonditions consistent with EPA’s
guidance using the revised IMPROVE equation. Téwults of that calculation are shown in

Table 5.3.

Table 5.3
WRAP Calculated Natural Visibility Conditions (Deciviews)
Area Best Days Worst Days
TRNP 3.0 7.8
LWA 2.9 8.0

The values in Table 5.3 have been establishedeasatural background values for North Dakota
and are used to establish the uniform rate of psxr The improvement necessary to achieve
natural conditions is shown in Table 5.4.
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Table 5.4
Improvement Necessary To Achieve Natural Conditions

(Deciviews)
Baseline Natural Improvement Baseline Natural Improvement
Area Best Days | Best Days Required Worst Days | Worst Days Required
TRNP 7.8 3.0 4.8 17.8 7.8 10.0
LWA 8.2 2.9 5.3 19.6 8.0 11.6

5.4 Uniform Rate of Progress

The uniform rate of progress to achieve naturaldd@mns in any Class | Federal area is
calculated as the difference between baseline tiondior the 20% worst days and natural
condition for the 20% worst days divided by 60 we§2004-2064). Mathematically it is
determined by the following equation:

URP = [Baseline Condition - Natural Conditign§0 yrs dv/yr
By multiplying the uniform rate of progress by 1days in the first planning period (10 years
thereafter), the progress needed by 2018 to beepath to achieving natural conditions can be

calculated as shown in Figure 5.5.

Figure 5.5
Uniform Rate of Progress

Baselineg — 4o

Uniform Rate _ A dv w14 yr
of Progress ~ 60 yr

Haze Index
{deciviews)

Natural |
Conditions — 1+ — —

2004 2014 2024 2034 2044 2054 20864
Year

A dv = Baseline conditions minus natural conditions
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Based

on the above data, the uniform rate of pssgeecalculated as follows:
Theodore Roosevelt National Park

URP = (17.8 — 7.8)(14/60) dv
URP = 2.3 dv

Lostwood Wilderness Area

URP = (19.6 — 8.0)(14/60) dv
URP = 2.7 dv

The uniform rate of progress for the Theodore RwelseNational Park and Lostwood
Wilderness Area for the first planning period i®wi graphically in Figures 5.5 and 5.6. For
the best days, the State must ensure that no degnadccurs over the same planning period.

Figure 5.6
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Figure 5.7
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6. Sources of Visibility Impairment in North Dakota Class |
Areas

6.1 Introduction

40 CFR 51.308(d)(4)(v) requires a statewide inventof emissions of pollutants that are
reasonably anticipated to cause or contribute stNity impairment in any mandatory Class |
Federal Area be included in the SIP. EmissionshiwitNorth Dakota are both naturally
occurring and man-made. Naturally occurring emissiinclude wildfires, windblown dust and
others. In North Dakota, the primary sources @hapogenic emissions include electric utility
steam generating units (EGUSs), energy productiod @nocessing sources, agricultural
production and processing sources, prescribed mgirand fugitive dust sources. The North
Dakota inventory includes emissions of sulfur doexi(SQ), nitrogen oxides (Ng), fine
particulate matter (PMF), coarse particulate mgB&C), organic carbon (OC), volatile organic
compounds (VOC), elemental carbon (EC) and amm@iti&).

6.2 Emissions in North Dakota

The most recent complete inventory of all emisstategories is from 2002. The point source
data was compiled by the State while the rest®irkientory was prepared by the WRAP and its
contractors with input from the state (Case Plath-02ee Section 9 for a discussion of this case
plan). A summary of the inventory is shown in T&abl1l. The WRAP Oil and Gas inventory for
sulfur dioxide was adjusted to include sulfur daexemissions from flaring and lease use of sour
gas at well sites (WRAP did not include flaring dadse use emissions). The adjustment was
based on hydrogen sulfide data for the combustesd ghich is compiled by the Health
Department, and the amount of gas flared or ussdeowhich is compiled by the North Dakota
Oil and Gas Division.
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Table 6.1
North Dakota 2002 Emissions Inventory (tons)

On- Off- Wind
Area Road Road Road | Fugitive | Blown
Point | All Fire | Biogenic | Area 0&G Mobile Mobile Dust Dust Dust Total
SO 157,069 540 0 5,557 4,958 812 7,246 3 26 0 176,211
NOy 87,438 | 1,774 44,569 | 10,833 | 4,631 24,746 55,502 3 40 0 229,536
oC 262 3,657 0 1,466 0 231 1,034 201 1,989 0 8,840
EC 29 510 0 262 0 272 3,625 15 135 0 4,847
PMF 2,002 821 0 1,617 0 0 0 3,086 | 36,354 | 17,639 61,519
PMC 565 503 0 199 0 141 0 28,711 | 172,066| 158,752 | 360,936
NH3 518 812 0 118,398 0 732 33 0 0 0 120,493
VOC 2,086 3,849 | 233,561 | 60,455 | 7,740 12,814 13,515 0 0 0 334,020
CO 11,944 | 60,735 | 67,769 | 21,933 36 211,842 | 95,869 0 0 0 470,129
Total | 261,912| 73,200 | 345,898 | 220,719| 17,365 | 251,590 | 176,825 | 32,020 | 210,610 176,391 | 1,766,529
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A complete emissions inventory is not availabledamore recent year. However, more recent
data for point source emissions are available @72 Those data are shown in Table 6.2.

Table 6.2
North Dakota Point Source Emissions Inventory 2007

SO, NOy OC | EC | PMF PMC NH; | VOC CO

Point Sources| 147,998 | 82,185 | 526 | 31 655 2,749 6,446 | 4,579 | 15,897

WRAP has developed a future inventory for North @akfor the year 2018. The PRP18b
emissions inventory for North Dakota is shown ibl€a6.3. Again, sulfur dioxide emissions for
the Area Oil and Gas inventory were increased ley Department to include emissions from
flaring and lease use of sour gas. The PRP18bsamssinventory also included the proposed
Gascoyne 500 coal-fired power plant. The PermiCémstruct application for this facility has

been withdrawn. The sulfur dioxide and nitrogeindeg emissions for this plant were removed
from the inventory by the Department. The Deparirgoes not expect any additional coal-
fired power plants to be constructed in North Dakwot¢fore 2018.

The Department does not agree with WRAP’s estiméteitrogen oxides emissions from the
Area Oil and Gas industry for 2018. WRAP has preedi that 2018 NOemissions would be
4.5 times greater than 2002 emissions. The Depaitaiscussed this estimate with the Oil and
Gas Division of the North Dakota Industrial Comnoss It was the opinion of the Oil and Gas
Division that most of the Bakken formation develagrmwill be over by 2018 and drilling rig
activities are expected to settle back to the seatie as production (i.e., 2-2.5 times the 2002
levels). Based on discussions with the Oil and BGiagsion, it is believed that an increase of 2 —
2.5 times the 2002 emission rate is appropriat2@®8. In subsequent discussions with WRAP,
representatives of WRAP admitted that 2018 estisnafeNQ, emissions related to oil and gas
activity in North Dakota may have been overstat&te inventory in Table 6.3 represents a 2.5
times increase for Area Oil and Gas sources.

The Department also disagrees with WRAP’s estimbfMF and PMC emissions for 2018. As
explained in Section 9.5.2, agricultural consepratiillage practices, which reduce emissions,
are expected to increase by 2018. Since agrialltactivities and farm land are the major
sources of fugitive and windblown PMF and PMC emiss, it is expected these emissions will
decrease. Even though a decrease is expecteemibsions of PMF and PMC shown in Table
6.3 were not adjusted by the Department.

In future Regional Haze SIP reviews, the Departmeilt use the most current, refined
emissions inventories available.
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Table 6.3
North Dakota 2018 Emission Inventory (tons)

On- Off- Wind
Area Road Road Road | Fugitive Blown
Point | All Fire | Biogenic | Area 0&G Mobile Mobile Dust Dust Dust Total
SG 59,560 337 0 5,995 | 4,200 81 276 3 30 0 70,482
NOy 62,383 1,073 44,569 | 12,456 | 11,577 | 4,906 34,557 3 41 0 171,566
OoC 248 2,647 0 1,387 0 151 457 193 2,041 0 7,126
EC 32 449 0 267 0 48 1,363 14 139 0 2,312
PMF 2,086 404 0 1,647 0 0 0 2,956 | 37,999 17,639 62,731
PMC 2,349 460 0 216 0 111 0 27,478 | 184,063 | 158,752 | 373,429
NH3 462 379 0 118,493 0 739 47 0 0 120,120
VOC 2,418 2,346 | 233,561 | 69,597 | 17,968 | 3,487 8,357 0 0 0 337,735
CO 17,477 | 41,604 | 67,769 | 21,474 172 90,152 | 102,471 0 0 0 341,118
Total 147,015 49,699 | 345,898 | 231,532| 33,917 | 99,675 | 147,528 | 30,648 | 224,314 | 176,391 | 1,486,618
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The change in emissions during the planning pg2002-2018) is shown in Table 6.4.

Table 6.4
North Dakota Emission Inventory Planning Period Change

2002 2018 Change Change

(TPY) (TPY) (TPY) (%)
SO, 176,211 70,482 -105,729 -60.0
NOy 229,536 171,566 -57,970 -25.3
OoC 8,840 7,126 -1,714 -19.4
EC 4,847 2,312 -2,535 -52.3
PMF 61,519 62,731 1,212 2.0
PMC 360,936 373,429 12,493 3.5
NH3 120,493 120,120 -373 -0.3
VOC 334,020 337,735 3,715 1.1
CO 470,129 341,118 -129,011 -27.4

6.3 Emissions from Other States and Canadian Provaes

The visibility in the Class | areas in North Dakd@anfluenced by emissions from surrounding
states, Canada and sources outside WRAP’s modatingain. The three contiguous states to
North Dakota are Montana, South Dakota and Minesoffhe 2002 emissions from the
respective states are shown in Table 6.5.
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Table 6.5
Nearby States 2002 Emissions (tons)

North?
Montana® South Dakoté Minnesota’ Dakota
SO 51,923 22,725 160,000 176,211
NOy 243,142 146,822 485,000 229,536
OoC 48,088 9,166 8,840
EC 11,873 4,703 4,847
PMF 77,239 82,414 169,000 61,519
PMC 621,276 615,354 610,000 360,936
NH3 66,229 120,406 179,000 120,493
VOC 1,181,318 518,981 366,000 334,020
CO 1,639,949 509,702 470,129

®Source - WRAP TSS (Case Plan 02d)
®Source - Minnesota Draft Haze SIP

North Dakota’s contribution to visibility impairmem TRNP and LWA is generally small (see
Table 6.6). Sulfates and nitrates, as discusseleiuin Section 8, are the primary pollutants of
concern in these Class | areas. In-state sountgsloute 21 percent or less of sulfate or nitrate
during the 20 percent worst baseline days at TRNBPMA. It should be noted in Table 6.6 the
sulfate and nitrate values are based on WRAP ragmndeling using the CAM- PSAT source
apportionment total, while the analyses of weighgadssions potential for organic carbon (OC),
elemental carbon (EC), and particulate matter (BM)based on emissions and residence time,
not modeling.
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Table 6.6

ND Sources Extinction Contribution
2000-2004

20% Worst Days

Species Contribution ND Sources
To Contribution To
Pollutant Extinction Total Extinction Species Extinction
Class | Area | Species (Mm™) (%) (%) @
TRNP Sulfate 17.53 35 21
Nitrate 13.74 27 19
oC 10.82 21 12
EC 2.75 5 29
PMF 0.9 2 44
PMC 4.82 10 45
Sea Salt 0.07 0 0
LWA Sulfate 21.4 34 18
Nitrate 22.94 36 13
oC 11.05 18 23
EC 2.84 5 35
PMF 0.62 1 28
PMC 3.93 6 32
Sea Salt 0.26 0 0
#North Dakota contribution for sulfate and nitrassbd on WRAP's tracer analysis and OC,
EC, PMF, PMC and Sea Salt contribution based on WRAeighted emissions potential
analysis.

In general, sources within Canada and sourcesdeutsilRAP’s modeling domain are bigger
contributors to regional haze in TRNP and LWA tiNorth Dakota sources.

The influence of sources outside of North Dakotal&NP and LWA for the 2000-2004 period
can be seen in Figures 6.1-6.16 and Table 6.7.seTfigures and data were obtained from the
WRAP TSS website. Figures 6.3, 6.4, 6.9 and 6ré(based on WRAP’s tracer analysis study
which is considered a more rigorous analysis thenweighted emissions potential analysis
(Figures 6.5 — 6.8 and 6.11 — 6.16). The Departrdeas not agree with the WRAP’s estimate
of nitrogen oxides emissions from the oil and gasree category for 2018 (see Section 6.2).
The Department believes WRAP has overestimated 2088 nitrogen oxides emissions.
Therefore, Figures 6.4 and 6.12 overestimate thheeptage of oil and gas nitrogen oxides
contribution for 2018.
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Figure 6.1

WHAF Source Region/Type Contributions to Sulfate on Worst 20% Yisibility Days
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WRAP Source Region/Type Cantributions to Mitrate an Warst 20% Visihility Days
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Figure 6.

Patential Sources and Areas of Sulfur Oxide Emissions on Worst 20% Yisibility Days

2000-04 Baseline & 2018 PERPh
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Figure 6.4

Potential Sources and Areas of Nitrogen Oxide Emissions an Worst 20% Visibility Days
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Figure 65

Potential Sources and Areas of Primary Crganic Aerosal Emissions on YWorst 20% “Visibility Days
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Figure 6.6

Potential Sources and Areas of Elemental Carbon Emissions an Worst 20% Visibility Days
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Figure 6.7

Paotential Sources and Areas of Fine PM Emissions on Warst 20% Visibility Days

2000-04 Baseline & 2018 PRPh
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Figure 6.8

Paotential Sources and Areas of Coarse PM Emissions on Worst 20% Visibility Days
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Figure 6.9

WRAP Source Region/Type Caontributions to Sulfate on Warst 20% Yisibility Days
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Figure 6.10

WHAF Source Region/Type Contributions ta Nitrate on Waorst 20% Visihility Days
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Figure 6.11

Patential Sources and Areas of Sulfur Oxide Emissions on Worst 20% Yisibility Days
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Figure 6.1

Potential Sources and Areas of Nitrogen Oxide Emissions an Worst 20% Visibility Days
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Figure 6.13

Potential Sources and Areas of Primary Crganic Aerosal Emissions on YWorst 20% “Visibility Days
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Figure 6.14

Potential Sources and Areas of Elemental Carbon Emissions an Worst 20% Visibility Days
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Figure 6.15

Patential Sources and Areas of Fine PM Emissions an Warst 20% Visibility Days
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Figure 6.16

Potential Sources and Areas of Coarse PM Emissions on Worst 20% Yisibility Days
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Table 6.7

Source Region Apportionment 20% Worst Days

Class | Area
Contributing TRNP LWA
Area SO, NO3 SOy NO3
North Dakota 21.1% 19.1% 17.9% 13.0%
Canada 28.3% 31.8% 45.9% 44.6%
Outside Domain 32.6% 17.9% 20.2% 14.0%
Montana 3.1% 15.0% 2.4% 9.3%
CENRAP 4.9% 2.5% 5.3% 5.1%
Other 10.5% 13.7% 8.3% 14.0%

The primary Canadian provinces which influencebiigy in the Class | areas of North Dakota
are Saskatchewan, Alberta, Manitoba and Britishu@bia. Emissions from these provinces in
2002, as reported in WRAP’s TSS website, totaledentisan one million tons of sulfur dioxide,

1.4 million tons of nitrogen oxides and 2 milliant of particulate matter as shown in Table 6.8.

Table 6.8
2002 Canadian Emissions (tons)
SO, NOx PMC PMF
Saskatchewan 126,528 292,539 364,739 78,108
Manitoba 398,806 142,685 144,928 25,403
Alberta 433,394 752,966 503,835 807,738
British Columbia 101,990 214,914 64,545 39,695

The location of sulfur dioxide and nitrogen oxidesiissions, as reported by Environment
Canada, are shown in Figures 6.17 and 6.18. Asbeaseen, the heaviest concentration of
emissions of sulfur dioxide and nitrogen oxidesravghwest, in the prevailing wind direction of

North Dakota’s Class | areas, especially the LostiW/ilderness Area.
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Figure 6.17
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Figure 6.18
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Three major coal-fired electric utility steam geaterg plants within Saskatchewan are located
just north of the U.S./Canada border within 250 &nthe Lostwood Wilderness Area. During
2002, emissions from these plants totaled near®yQDD tons of sulfur dioxide and 38,000 tons
of nitrogen oxides as shown in Table 6.9. The Blamy Dam plant, which has the largest
amount of emissions, is located within 60 kilomgtef LWA.

Table 6.9
Saskatchewan Power Plants 2002 Emissions (tons)
Plant SO, NOx PMC PMF
Boundary Dam 47,338 18,950 7,444 2.996
Shand 15,146 6,463 40 17
Poplar River 47,107 12,864 337 136
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7. Best Available Retrofit Technology (BART)

7.1 Introduction

7.1.1 Overview of Paragraph 51.308(e) of the FeddraRegional Haze
Regulation - Best Available Retrofit Technology (BART) Requirements
for Regional Haze Visibility Impairment

The requirements for Best Available Retrofit Tedogy (BART) are found in Section
51.308(e) of the federal regional haze regulation.

Paragraph (e) has six subparagraphs which idehgfyequirements as follows:

51.308(e)(1) - BART for individual sources;

51.308(e)(2) and (3) - An emissions tradinggpam, or other alternative measure, rather

than to require sources subject to BART to instaderate, and maintain BART;

3. 51.308(e)(4) - Participation in the EPA auistered Clean Air Interstate Rule (CAIR)
trading programs for sulfur dioxide and nitrogendes;

4. 51.308(e)(5) - Status of BART-eligible sourcéeraa state has met the requirements for

BART; and

51.308(e)(6) - An exemption from BART requirernsefor BART-eligible sources.

N =

o

Section 51.308(e) requires the State to submitnaplementation plan containing emission
limitations representing BART and schedules for pbamce with BART for each BART-
eligible source that may reasonably be anticipsdedause or contribute to any impairment of
visibility in any mandatory Class | Federal arealess the State demonstrates that an emissions
trading program or other alternative measures adghieve greater reasonable progress toward
natural visibility conditions, or the State panpiates in a Clean Air Interstate Rule (CAIR)
trading program.

The Department has decided not to develop an emisdrading program or other alternate
measures and is not eligible to participate in @&IR program. Therefore only Sections
308(e)(1), (5), and (6) apply in North Dakota.

Each state implementation plan must contain twmetds related to BART.

The first, found in Section 308(e)(1)(i), is thequa@ement that the State submit a list of the
BART-eligible sources in the State.

The second requirement is detailed in Section 8)@)(ii) and requires the State to determine
and include in the plan BART emission reductiomsdach BART-eligible source in the State
which may reasonably be anticipated to cause dribote to any impairment of visibility in any
mandatory Class | area.
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BART must be determined for each visibility-impagi pollutant that is emitted by a BART-
eligible source which may reasonably be anticipédechuse or contribute to regional haze. The
definition for BART 51.301 reads:

Best Available Retrofit Technology (BART) meansamission limitation based on the

degree of reduction achievable through the apphicatf the best system of continuous
emission reduction for each pollutant which is émitby an existing stationary facility.

The emission limitation must be established, onaaedyy-case basis, taking into
consideration the technology available, the coktsompliance, the energy and the non
air quality environmental impacts of compliancey aollution control equipment in use

or in existence at the source, the remaining udéélof the source, and the degree of
improvement in visibility which may reasonably ba&ieipated to result from the use of
such technology.

Visibility-impairing pollutants include sulfur diase (SQ), nitrogen oxides (N§), particulate
matter (PMo and PM s) volatile organic compounds (VOC), and ammonia §\NH

In developing source specific emission limits fohM8T, the State must take into consideration
the control technology available and a number et#j factors:

* The costs of compliance;

» The energy and non-air environmental impacts of@nce;

* Any existing pollution control technology in usetiag source;

* The remaining useful life of the source; and

* The degree of improvement in visibility which magasonably be anticipated
from the use of such technology.

The State has the discretion as to how much weidhbe given to each of the factors.

EPA issued final guidance for the determinatiorB&RT on July 6, 2005 as 40 CFR Part 51
Appendix Y - Guidelines for BART Determinations Wmdthe Regional Haze Rule (BART
guideline).

The SIP for source-specific BART (51.308(e)(1)) imemntain the requirement that each source
subject to BART install and operate BART as expedsly as practicable, but in no event later
than five years after approval of the implementapan revision by EPA.

The SIP must contain procedures to ensure confjalpment is properly maintained and
operated in the BART requirements (51.308(e)(1)(v))

Paragraph 51.308(e)(5) provides that after a Stasemet the requirements for source-specific
BART, BART-eligible sources will be subject to there requirements of Section 51.308(d) in
the same manner as other sources. This would decknforceable emissions limitations,
compliance schedules and other measures as necessahieve the reasonable progress goals
set out in the long-term strategy to attain natacaditions by 2064.
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Paragraph 51.308(e)(6) provides that even wheréARTBeligible source may reasonably be
anticipated to cause or contribute to visibilityparment, section 169A(c) of the Clean Air Act
allows for the exemption of any source from the BARquirements if it can be demonstrated
that the source, by itself or in combination witlher sources, is not reasonably anticipated to
cause or contribute to significant visibility impaient. Significant impairment 51.301 is defined
as:

“Significant impairment means, for purposes of ®ect51.303, visibility impairment
which, in the judgement of the Administrator, irfiéges with the management,
protection, preservation, or enjoyment of the vis# visual experience of the mandatory
Class | Federal area. This determination must leeroa a case-by-case basis taking into
account the geographic extent, intensity, duratfieeguency and time of the visibility
impairment, and how these factors correlate wijiities of visitor use of the mandatory
Class | Federal area, and (2) the frequency anahdiof natural conditions that reduce
visibility.”

EPA believes that the question of whether a souerebe reasonably anticipated to cause or
contribute to significant visibility impairment rages an analysis of the cumulative effects of
emission sources on a region. Regional modelingb&ione appropriate method to determine
whether a source could qualify for a BART exemptioifi a significant cumulative impact is
demonstrated from the sources across the releegianal modeling domain, then any BART-
eligible source in the region would most likely floeind to be reasonably anticipated to cause or
contribute to significant visibility impairment.

A source may apply to EPA for an exemption fromB#ART requirement. The EPA will grant
or deny an application after providing notice amgpartunity for a public hearing. Any
exemption granted by EPA must have the concurréoce all affected Federal Land Managers.
The requirements for an exemption are found ini8ech1.303. The authority to grant an
exemption is reserved to EPA and will not be dealedi#o a state.

7.1.2 Visibility-Impairing Pollutants of Concern

For both BART applicability and degree of visikyjlimprovement analyses, the BART guideline
specifies that only primary emissions need to besiciered. These primary emissions include
SO, NGy, and direct particulate matter (PM) emissions sigecas either coarse (Plyminus
PM,s) or fine (PMs). If this distinction in size of PM emissions cat be made, it would be
appropriate to consider all Ryemissions as Pp4.

The BART guideline also discusses volatile orgatimenpounds (VOC) or ammonia (NH
emissions as possibly impacting visibility. FoetBART-eligible sources identified in North
Dakota, these emissions (and associated visibiifyacts) are negligible, and therefore the
Department will not require inclusion of VOC or ammia species in BART-related visibility
analyses.
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7.1.3 BART Identification Process

The first step in preparing the RH BART SIP is &velop a list of all BART-eligible sources
within the State.

The regional haze rule contains the following débins in Section 51.301:
BART-eligible source means an existing statiorfagylity as defined in this section.

Existing stationary facility means any of the feliog stationary sources of air

pollutants, including any reconstructed source,cWwhivas not in operation prior to

August 7, 1962, and was in existence on Augustd7/land has the potential to emit
250 tons per year or more of any air pollutantdétermining potential to emit, fugitive

emissions, to the extent quantifiable, must be tain

(2) Fossil-fuel fired steam electric plants of méhan 250 million British thermal
units per hour heat input,

(2) Coal cleaning plants (thermal dryers),

3) Kraft pulp mills,

(4) Portland cement plants,

(5) Primary zinc smelters,

(6) Iron and steel mill plants,

(7) Primary aluminum ore reduction plants,

(8) Primary copper smelters,

(9) Municipal incinerators capable of charging mthran 250 tons
of refuse per day,

(10)  Hydrofluoric, sulfuric, and nitric acid plant

(11) Petroleum refineries,

(12) Lime plants,

(13) Phosphate rock processing plants,

(14) Coke oven batteries,

(15) Sulfur recovery plants,

(16) Carbon black plants (furnace process),

(17) Primary lead smelters,

(18) Fuel conversion plants,

(19) Sintering plants,

(20) Secondary metal production facilities,

(21) Chemical process plants,

(22) Fossil-fuel boilers of more than 250 milliomit®sh thermal units per hour heat
input,

(23) Petroleum storage and transfer facilities wéthcapacity exceeding 300,000
barrels,

(24) Taconite ore processing facilities,

(25) Glass fiber processing plants, and

(26) Charcoal production facilities.
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The following three steps identify the key elemantthe definition of existing stationary facility
and other related definitions that should be carsid when determining whether a source is a
BART-eligible source.

STEP 1. IDENTIFY EMISSION UNITS IN THE 26 BART LIHD SOURCE
CATEGORIES.

Listed Source Categories - The facility must faithim one of the 26 listed categories in the
definition of existing stationary facility. Thesee the same categories that are included in the
definitions of major source under PSD. PSD guidathacuments and case history can be used
to answer any questions related to the 26 categorie

Aggregated Unit Applicability - the definition faxisting stationary facility includes stationary
sources. Stationary source is defined as:

Stationary source means any building, structurelitig or installation which emits or
may emit any air pollutant.

Building, structure, or facility are defined as:

Building, structure, or facility means all of thellutant-emitting activities which belong
to the same industrial grouping, are located on onenore contiguous or adjacent
properties, and are under the control of the saprsop (or persons under common
control). Pollutant-emitting activities must bensalered as part of the same industrial
grouping if they belong to the same Major Group.(iwhich have the same two-digit
code) as described in the Standard Industrial Gileestson Manual, 1972 as amended by
the 1977 Supplement (U.S. Government Printing @fStock numbers 4101-0066 and
003-005-00176-0 respectively).

Installation is defined as:

Installation means an identifiable piece of pro@psipment.
The above definitions have been interpreted by E®Anean that all of the units within the
source that meet the BART criteria should be aggesfjtogether to determine if the source is
BART-eligible.
STEP 2. IDENTIFY THE STARTUP DATES OF THE EMISSIQMNITS.
Date of Operation/Construction/Reconstruction - BARview is limited to units that were
constructed during a 15-year window between 19&R18Y7. There are several nuances in the
definition of existing stationary facility that mulse considered when determining if a unit falls

within this 15-year window. The unit must not hdeen in operation prior to August 7, 1962.
In operation is defined as:
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In operation means engaged in activity relatedh® primary design function of the
source.

The date that the unit is permitted is not impdrtammeet this test because the focus is on actual
operation of the unit.

In addition, the unit must have been in existerscefaéAugust 7, 1977. In existence is defined as:

In existence means that the owner or operator htsned all necessary preconstruction
approvals or permits required by Federal, Statdpaal air pollution emissions and air
quality laws or regulations and either has (1) lmegu caused to begin, a continuous
program of physical on-site construction of theilfigcor (2) entered into binding
agreements or contractual obligations, which carretcanceled or modified without
substantial loss to the owner or operator, to uafera program of construction of the
facility to be completed in a reasonable time.

The actual date a unit begins operation may natripgrtant to meet this test. For example, a
unit that did not begin operation until 1983 malll be considered BART-eligible if the unit had
all the necessary preconstruction approvals or peramd had begun, or caused to begin, a
continuous program of physical on-site constructanthe facility, or entered into binding
agreements or contractual obligations, which cabeotanceled or modified without substantial
loss prior to August 7, 1977.

STEP 3. COMPARE THE POTENTIAL TOTAL EMISSIONS FOR AEH
POLLUTANT FROM THE EMISSION UNITS TO THE 250 TON MPE
YEAR CUT OFF.

Potential Emissions - The emission units that nieetsource category and date of construction
or operation requirements must then be aggregaigdtiter to determine if the combined
emission units have the potential to emit 250 fmersyear of any air pollutant.

Potential to emit is defined as:

Potential to emit means the maximum capacity abtichary source to emit a pollutant
under its physical and operational design. Anysatgt or operational limitation on the

capacity of the source to emit a pollutant inclgdair pollution control equipment and

restrictions on hours of operation or on the typeamount of material combusted,
stored, or processed, shall be treated as pat$ design if the limitation or the effect it

would have on emissions is federally enforceal@econdary emissions do not count in
determining the potential to emit of a stationavyrse.

Applicability for BART is determined on a pollutaby-pollutant basis. The total

emissions for each pollutant from all the unitsh&t source remaining after step 2 above
is compared to the 250 ton per year cut off.
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Pollutants to be considered include the visibiiiypairing pollutants, Sg NOy, PM; 5
and PM, VOC, and NH.

Fugitive emissions, to the extent quantifiable, traes counted. Fugitive emissions are defined
as:

Fugitive Emissions means those emissions whichdcaot reasonably pass through a
stack, chimney, vent, or other functionally equardlopening.

As noted in the definition for Potential to emigcendary emissions do not count in determining
the potential to emit of a stationary source. &daoy emissions are defined as:

Secondary emissions means emissions which occar r@sult of the construction or
operation of an existing stationary facility but dot come from the existing stationary
facility. Secondary emissions may include, but raoe limited to, emissions from ships
or trains coming to or from the existing stationtagility.

A SOURCE THAT PASSES ALL THREE STEPS IS A BART-ELUELE SOURCE.

7.1.4 CALPUFF Screening Model Protocol

The Department has established a protocol for BA&ated dispersion modeling applicable to
BART-eligible sources in North Dakota. The protoosks the CALPUFF model and conforms
to the requirements of Appendix Y to Part 51- Glis for BART Determinations Under the

Regional Haze Rule. It follows recommendationsldoig range transport of Appendix W to Part
51 - The Guideline on Air Quality Models and EPAderagency Workgroup on Air Quality

Modeling (IWAQM) Phase 2 Summary Report and Reconda#gons for Modeling Long Range

Transport Impacts. The protocol was reviewed by EBAd Federal Land Manager
meteorologists in Denver, CO prior to finalizing.

The protocol, “Protocol for BART-Related Visibilittmpairment Modeling Analyses in North
Dakota, November 2005”, is included as Appendix. ABbth BART applicability and degree of
visibility improvement analyses were conducteddaiing this protocol.

7.1.5 Screening Impact Threshold

In general, to determine which BART-eligible sowcmust apply BART, single facility
modeling results for PSD Class | areas are compaitda visibility threshold, expressed in
deciviews. The Department will follow recommendas in the July 6, 2005 BART guideline
which states:

“A single source that is responsible for a 1.0 degv change or more should be

considered to “cause” visibility impairment; a soeithat causes less than a 1.0 deciview
change may still “contribute” to visibility impairemt and thus be subject to BART .... As
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a general matter, any threshold that you use fderdening whether a source
“contributes” to visibility impairment should noehbhigher than 0.5 deciviews.”

As a practical matter, the NDDH sees no reasonidtinguish among BART-eligible sources
which “cause” visibility impairment versus thoseusmes which “contribute” to visibility
impairment in PSD Class | areas. Therefore, thealienent will generally use one threshold to
determine which BART-eligible sources must applyf8A

The Department, in accordance with the BART gurtdj used a contribution threshold of 0.5
deciview for determining which sources were subjecBART. The BART guidelines provide
States the discretion to set a threshold belowd8diviews if “the location of a large number of
BART-eligible sources within the State and proxiyntib a Class | area justifies this approach.”
This decision was based on several factors:

- It equates to the 5 percent extinction thresHoldnew sources under the PSD New
Source Review rules,

- It is consistent with the threshold selected bHyeo States in the West (all selected 0.5
dv),

- It represents the limit of perceptible change

There are only a few major point sources in Norétk@a affecting the Class | areas and they are
mostly 100 or more miles away, downwind in the pilvg wind direction. BART screening
modeling indicates the visibility impact to eithbe much greater than 1.0 deciview or 0.5
deciview or less (See Section 7.3.1.), and there m@ clear rationale or justification for
selecting a lower level.

The Department therefore has established 0.5 decias the threshold to determine which
BART-eligible sources must apply BART and includédn the State rules. Definition 2 of
NDAC Section 33-15-25-01, Definitions, is:

“Contributes to visibility impairment” means a clganin visibility impairment in a Class

| federal area of five-tenths deciviews or more-f@ur average) above the average
natural visibility baseline. A source exceeds theeshold when the ninety-eighth

percentile of the modeling results based on any pear of the three years of

meteorological data modeled exceeds five-tenthvigees.

7.2 BART - Eligible Sources in North Dakota

The ten BART-eligible sources in the State of Ndbthkota and their locations are listed in
Table 7.1. The locations of the BART-eligible samsowith respect to Class | areas in North
Dakota are illustrated in Figure 7.1.
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Table 7.1

BART-Eligible Sources in North Dakota

Source and Unit

Location

American Crystal Sugar Company Main Boiler and LiKik

Drayton, Pembina County

Basin Electric Power Cooperative Leland Olds Statimit 1

Stanton, Mercer County

Basin Electric Power Cooperative Leland Olds Statimit 2

Stanton, Mercer County

Great River Energy Coal Creek Station Unit 1

FélkiMicLean County

Great River Energy Coal Creek Station Unit 2

FélkiMicLean County

Great River Energy Stanton Station Unit 1

Stankdercer County

Minnkota Power Cooperative Milton R. Young Statldnit 1

Center, Oliver County

Minnkota Power Cooperative Milton R. Young Statldnit 2

Center, Oliver County

MDU Resources Group, Inc. R. M. Heskett Stationt@ni

Mandan, Morton County

Tesoro Petroleum Corporation
Mandan Refinery Carbon Monoxide Furnace

Mandan, Morton County

Figure 7.1

BART-Eligible Sources and Class | Areas in North Dkota
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The BART-eligible sources were identified using thethodology in the Guidelines for BART
Determinations Under the Regional Haze Rule, 40 €&R 51, Appendix Y, and summarized in
7.1.3.

Eight of the BART-eligible sources are fossil-fieed steam electric plants of more than 250
million British thermal units per hour heat inp@ne is a fossil-fuel fired boiler of more than
250 million British thermal units per hour heat in@nd a lime plant (the main boiler and the
lime kiln at the American Crystal Sugar Companyasugeet processing plant at Drayton) and
one is a process unit at a petroleum refinery ¢drbon monoxide furnace at the Tesoro
Petroleum Corporation refinery at Mandan).

7.3  Determination of BART-Eligible Sources Subjecto BART

7.3.1 Sources Subject to BART

The modeled visibility impact of each of the tenBR-eligible sources listed in Table 7.1 on the
Class | areas in North Dakota is shown in Table 7The maximum 24-hour $8percentile
deciview represents the result for the worst yédin@three years modeled (2000-2002).

The visibility impact of each BART-eligible sourée considered significant if the projected

change in the maximum 24-hour impact at a Claged aompared against natural conditions is
equal to or greater than 0.5 deciviews. The soisrtleen subject to BART. If the impact is less
than 0.5 deciviews, the source is exempt from BART.

The modeling to determine if each BART-eligible smuhas a significant impact on visibility
was performed by the Department using the CALPUFRdtleh following EPA’s Interagency

Workgroup on Air Quality Modeling (IWAQM) Phase 2 u@mary Report and

Recommendations for Modeling Long Range Transpugalcts specified in the Guidelines for
BART Determinations Under the Regional Haze Rul@, CGFR Part 51, Appendix Y. The
modeling protocol is included in Appendix A as Apdec A.1.

After completion of the subject-to-BART screeningodrling, the eight subject-to-BART
sources were notified they were subject-to-BARTIédtyers dated November 30, 2005. These
letters are attached as Appendix A.3.

The Department was contacted by Montana Dakotatiedilwho requested approval to do a
more refined CALPUFF screening analysis considetimgt the Department’s results were
slightly above the 0.5 deciview cutoff. MDU subradta refined analysis in May 2006. This
analysis is attached in Appendix A.2 and is disedsa 7.3.4 below.
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Table 7.2
Individual BART-Eligible Source Visibility Impact o n Class | Areas

Maximum 24 Hour
98th Percentile
Visibility Impact

Subject to BART or

Source and Unit Class | Area Value Deciview Exempt
American Crystal Lostwood 0.04 Exempt
Sugar Company Main  TRNP South Unit 0.04
Boiler and Lime Kiln TRNP North Unit 0.04
TRNP EIk. Ranch 0.04
Unit
Basin Electric Power Lostwood 5.42 Subject to BART
Cooperative Leland TRNP South Unit 6.22
Olds Station Unit 1 TRNP North Unit 5.32
and Unit 2 TRNP Elk. Ranch 4.49
Unit
Great River Energy Lostwood 4.04 Subject to BART
Coal Creek Station TRNP South Unit 4.48
Unit 1 and Unit 2 TRNP North Unit 3.56
TRNP Elk. Ranch 3.04
Unit
Great River Energy Lostwood 1.35 Subject to BART
Stanton Station Unit1 TRNP South Unit 1.68
TRNP North Unit 1.54
TRNP EIk. Ranch 1.43
Unit
Minnkota Power Lostwood 4.88 Subject to BART
Cooperative Milton R{ TRNP South Unit 6.69
Young Station Unit 1| TRNP North Unit 5.58
and Unit 2 TRNP Elk. Ranch 6.10
Unit
MDU Resources Lostwood 0.23 Exempt
Group, Inc. R. M. TRNP 0.2¢
Heskett Station Unit 2
Tesoro Petroleum Lostwood 0.04 Exempt
Corporation Mandan TRNP South Unit 0.05
Refinery Carbon TRNP North Unit 0.04
Monoxide Furnace TRNP Elk. Ranch 0.04

Unit

1 MDU BART Screening Results (12/09)

66




Detailed descriptions of the seven subject-to-BAgbUrces can be found in the Department
BART Determinations in Appendix B and in the Comp&/ART Analyses in Appendix C.

7.3.2 Exclusion of Tesoro Mandan Petroleum Refinery

The Department single-source modeling for the Te&atroleum Corporation Mandan Refinery
Carbon Monoxide Furnace predicted the highest mamin24 hour 98th percentile visibility
impact value to be 0.05 deciviews at Theodore Rags@&ational Park South Unit. This is a
factor of 10 less than the 0.5 deciview threshotddietermining whether a BART-eligible source
causes or contributes to visibility impairment. fidfere, the unit is exempt and not subject to
BART.

7.3.3 Exclusion of American Crystal Sugar Drayton Rfinery

The Department single-source modeling for the AoariCrystal Sugar Company Drayton Plant
Main Boiler and Lime Kiln predicted the highest nmaum 24 hour 98th percentile visibility
impact value to be 0.04 deciview at all four Classeas. This is more than a factor of 10 less
than the 0.5 deciview threshold for determining thke a BART-eligible source causes or
contributes to visibility impairment. Thereforegethnit is exempt and not subject to BART.

As shown in Figure 7.1, the American Crystal Sugampany Drayton Plant is located outside
the Department’'s modeling domain. Even if the domaas extended eastward to incorporate
the Drayton plant, the plant is located about 4l@nteters from the nearest North Dakota Class
| area (Lostwood Wilderness Area), and this distasdeyond the accepted range of CALPUFF
(about 300 kilometers). For modeling purposesretioee, the Department repositioned the
Drayton plant about 100 kilometers to the westgreate a virtual source located just inside the
east boundary of the current modeling domain (ispreed by the “ACS Drayton (modeled)”
source in Figure 7.1). This adjustment providesbarce-receptor distance more consistent with
the documented limits of CALPUFF, and should enseselts are conservative.

In addition, the Minnesota Pollution Control Agenaoydeled the American Crystal Sugar
Company Drayton plant and found similar impact Isvat the Class | areas in Minnesota,
Voyagers National Park which is about 300 kilomgtgom the plant and Boundary Waters
Canoe Area Wilderness which is about 350 kiloméfrars the plant.

7.3.4 Exclusion of Montana Dakota Utilities HeskétUnit No. 2

The Department single-source modeling for the MoatBakota Utilities R.M. Heskett Station
Unit 2 located near Mandan predicted the highestimnam 24 hour 98th percentile visibility
impact value to be 0.82 deciview at the Theodoreseeelt National Park South Unit, and 0.54
deciview at the North Unit, 0.61 deciview at thé&liirn Ranch Unit and 0.58 deciview at Lost
wood National Wilderness Area. Because these valggs slightly above the threshold of 0.5
deciviews, Montana Dakota Utilities hired a consatf ENSR Corporation, to perform a refined
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CALPUFF modeling analysis. The ENSR analysis sulachitlune 9, 2006 is included as
Appendix A.2.

The ENSR analysis made three refinements to thigsas@erformed by the Department:

- A 1 km grid size was used instead of 3 km,

- Particulate matter emissions were speciated sat@ral components that have different
light scattering potential, and

- The annual average background visibility was usstead of the annual 20 percent best
day’s background visibility (as per an EPA couttleenent agreement).

The results of the refined ENSR analysis predithedhighest maximum 24 hour 98th percentile
visibility impact value to be 0.436 deciviews atshwood National Wilderness area in 2001.

The Department had originally reviewed the ENSR s and found it acceptable.
Additionally, MDU has committed to reduce the paiginsulfur dioxide emissions from Heskett
Unit 2 by a minimum of 70 percent within five yeaSEPA approval of this SIP. This would
have reduced sulfur dioxide emissions to 1,847 pmrsyear from the 2000-2004 emissions of
2,400 tons per year, a 553 tons per year reduclioa.Department had determined that Heskett
Unit 2 was not subject to BART. See the Departnselatiter of May 8, 2007 in Appendix A.3.
The FLMs and EPA have expressed concerns aboungueling that was conducted. MDU
agreed to remodel using a revised modeling protequroved by EPA. The Department
reassessed the determination to exclude Heskeibrstdnit 2 following review of the revised
modeling. That reassessment shows that Heskett PJnis not subject to the BART
requirements. The results of the analysis usiegpitotocol as approved by EPA indicated the
highest maximum 24-hour 8&ercentile visibility impact value to be 0.28 déeivs at TRNP
and 0.23 deciviews at LWA. Based upon the refinadlysis and the reassessment analysis,
Heskett Unit 2 is exempt from the BART requirements

7.4 Determination of BART Requirements for Subjecto-BART
Sources

7.4.1 Company BART Analyses

The Department met individually with the seven sabjo-BART sources in December 2005
and requested they complete and submit BART amalyéhin nine months of the notification
letters dated November 30, 2005 or by Septemb2006. The nine month time was required by
NDAC 33-15-25-02.1. This was agreed to by the ses@mmces. They were required to address
BART for sulfur dioxide, nitrogen oxides, fine partlates and condensable particulates.

The Department also requested the sources foll@uinements of Appendix Y to Part 51 -

Guidelines for BART Determinations Under the Regioftdaze Rule in conducting their
analyses.
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The seven BART analyses were submitted in finainfan late 2007 to early 2008. The final
company BART analyses are attached as Appendix C.

7.4.2 Department BART Determinations

The Department has reviewed the company BART détatrons and conducted its own
determinations for each source. The BART deterrionatfollowed the methodology of Section
IV of Appendix Y to Part 51 - Guidelines for BARTelerminations Under the Regional Haze
Rule. This includes identifying the best systemcohtinuous emission reduction taking into
account:

1. The available retrofit control options,

2. Any pollution control equipment in use at theiree (which affects the availability of
options and their impacts),

3. The costs of compliance with control options,

4. The remaining useful life of the facility,

5. The energy and non-air quality environmentalaoip of control options, and

6. The visibility impacts analysis.

A case-by-case top down BART analysis using the fiasic steps was followed. The five steps
are:

STEP 1 - Identify all available retrofit technolegi

STEP 2 - Eliminate technically infeasible options,

STEP 3 - Evaluate control effectiveness of remagnacthnologies,
STEP 4 - Evaluate impacts and document the resuits,

STEP 5 - Evaluate Visibility impacts.

The Department BART determinations are includedpgendix B. Each BART determination
includes a source description including the majoitelo units and the minor sources such as
auxiliary boilers, emergency generators, coal/neehandling dust controls, and coal storage
piles; the site characteristics; BART evaluatiomsthe major and minor sources; and a permit to
construct description.

As detailed in Appendix B, Department BART deterations included an evaluation of
visibility impacts. Single-source modeling was doated by the companies to determine the
degree of visibility improvement associated withriwas control options for individual units.
This modeling was based on EPA guidance for BAREmeinations. The Department asked
companies to provide a $(ercentile 24-hr visibility modeling result (delfeciview) along
with the 98" percentile 24-hr value referenced in the guidabeeause the §0percentile would

'Federal Register, 2005. EPA Regional Haze Reguisi@nd Guidelines for Best
Available Retrofit Technology (BART) Determinatigrfanal Rule. Federal Register, July 6,
2005, Vol.70, No. 128, p. 39103-39172.
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be more consistent with theverage of 20% worst days metric utilized for assessing visibility
improvement progress under the Regional Haze Rule.

Single-source visibility modeling as provided by taffected companies was reviewed by the
Department, and results related to visibility imgement were considered in Department BART
determinations. Because the Department had comcegarding the viability of single-source

modeling in representing actual visibility improvem, however, modeling was given less
weight than other factors in the BART determinatiwacess.

Though single-source modeling is specified in t&RB guidance for determining degree of
visibility improvement, it is clear that this modej overstates the real single-source visibility
impact, given the complexity of multiple-source ssmns and chemistry actually affecting
visibility impairment in Class | areas. As suggesby the logarithmic relationship between
deciview and light extinction (Section 5.1), an @b®r's perception of visibility change is
affected by the total loading of visibility-affesy species in the atmosphere. The observer’'s
perception of visibility change, due to a reduct{on increase) in visibility-affecting emissions
from one source, depends on cumulative visibihtyact due to all sources. For example, a unit
reduction in visibility-affecting emissions (fronme source) will have only half the visual impact
on the observer (delta-deciview) if total light iextion is 80 MnT compared to the impact if
total light extinction is 40 M. By excluding the impact of all other sourcegréiore, single-
source modeling is overstating the perceived (ei#iEview) change in visibility. Based on
Department experience, single-source modeling te¢délta-deciview) tend to be five to seven
times larger than results obtained for the samecsowhen it is combined with all other sources
in a cumulative analysis.

It is because of this anomaly that the Departmastldeen very cautious in the interpretation of
single-source modeling results, and has focused BABterminations on factors other than
visibility modeling. In some instances, as disegssn Appendix B, the Department has
conducted supplemental cumulative modeling to meadistically assess the visibility impact of

emissions reductions associated with optional obnstrategies for individual sources.

Cumulative modeling is consistent with the procedfor determining status with respect to
uniformrate of progress goals, which is discussed in Section 8.

BART determinations were made for sulfur dioxidetragen oxides, filterable particulate
matter, and condensable particulate matter forsallen sources. A summary of the BART
determinations for the main boilers by pollutaritdws.

Sulfur Dioxide

Three of the seven sources have existing sulfutiditoremoval equipment. Great River Energy
Coal Creek Station Unit 1and Unit 2 and MinnkotavBoCooperative Milton R. Young Station
Unit 2 are equipped with wet limestone scrubbetse €xisting scrubbers at the Coal Creek
Station employ a bypass for flue gas heat and aetae68 percent sulfur dioxide reduction. The
lime/fly ash wet scrubber at Milton R. Young UnitaZhieves a 65 percent sulfur dioxide
reduction.
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Great River Energy Coal Creek Station Unit 1 andtUh- The BART selected by the
Department for Unit 1 and Unit 2 is a 95 percewlution efficiency or a limit of 0.15 pounds
per million Btu of heat input on a 30-day rollingeaage basis to be achieved by modifying the
existing wet scrubbers and the adding of a new doadr serving both units. Unit 1 and Unit 2
emissions may be averaged provided the averagendvexceed the limit.

Minnkota Power Cooperative Milton R. Young Statidnit 2 - The BART for sulfur dioxide
selected by the Department for Unit 2 is a 95 paroeduction efficiency or limit of 0.15 pounds
per million Btu of heat input on a 30-day rollingeaage basis to be achieved by modifying the
existing wet scrubber. The Consent Decree for Ita requires a minimum of 90 percent
reduction of sulfur dioxide at Unit 2. The 90 pamt reduction requirement will apply when
Minnkota chooses to comply with the 0.15 I¥/1Btu limit. The 90 percent reduction
requirement is included in the BART permit.

Minnkota Power Cooperative Milton R. Young Statidnit 1 - Unit 1 has no existing sulfur
dioxide removal equipment. The BART selected by Bepartment for Unit 1 is a 95 percent
reduction efficiency on a 30-day rolling averagsibdo be achieved by the installation of a new
wet scrubber. The EPA/State Consent Decree stae# Minnkota installs a wet scrubber, they
must comply with a 95 percent reduction requirenvati no alternative pounds per million Btu
of heat input limit.

Basin Electric Power Cooperative Leland Olds Statimit 1 and Unit 2 - Unit 1 and Unit 2
have no existing sulfur dioxide removal equipmditte BART selected by the Department for
Unit 1 and for Unit 2 is a 95 percent reductionacgdincy or a limit of 0.15 pounds per million
Btu of heat input on a 30-day rolling average b&sise achieved by the installation of new wet
scrubbing system.

Great River Energy Stanton Station Unit 1 - Unibds no existing sulfur dioxide removal
equipment. Unit 1 burns either lignite coal or lsitlominous coal. Because these coals have
different average sulfur contents, Btu contents @memical characteristics, the Department will
issue BART limits appropriate to each coal. The BAgelected by the Department for Unit 1 is
a 90 percent reduction on a 30-day rolling averaggs burning either coal or a limit of 0.24
pounds per million Btu of heat input on a 30-daljimg average basis when burning only lignite
coal, a limit of 0.16 pounds per million Btu of h&aput on a 30-day rolling average basis when
burning subbituminous coal, and weighted averagissom limit when burning a combination
of lignite and subbituminous coal.

The sulfur dioxide emissions before and after BA®®RMtrol, the BART controls, and the sulfur
dioxide emission limits for each of the seven sesrare summarized in Table 7.3.
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Table 7.3
BART-Level Emissions Reductions From the 2000-2004

Sulfur Dioxide Average

2000-2004
Average Baseline BART Level Emissions Emission
Emissions Level of of Control after Controls Reduction
Source and Tons per Control % Control Tons per Tons per Emission
Unit Year % Reduction Reduction* Device Year** Year** Limit
Basin Electric 16,666 0% 95% New Wet 1,376 15,290 95% reductio
Power Scrubber or 0.15 Ib/16
Cooperative Btu 30 day
Leland Olds rolling average
Station Unit 1
Basin Electric 30,828 0% 95% New Wet 2,530 28,298 95% reductiol
Power Scrubber or 0.15 Ib/16
Cooperative Btu 30 day
Leland Olds rolling average
Station Unit 2
Great River 14,086 68% 95% Modified 3,781 10,305 95% reductiol
Energy Coal Existing Wet or 0.15 Ib/16
Creek Station Scrubber and Btu 30 day
Unit 1 Coal Dryer rolling average
Great River 12,407 68% 95% Modified 3,621 8,786 95% reductio
Energy Coal Existing Wet or 0.15 Ib/16
Creek Station Scrubber and Btu 30 day
Unit 2 Coal Dryer rolling average
Great River 8,312 0% 90% New Spray 1,179 7,133 90% reductio
Energy Dryer and or 0.24 Ib/16
Stanton Fabric Filter Btu (lignite) or
Station Unit 1 0.16 Ib/16
Btu (PRB) 30
day rolling
average
Minnkota 20,148 0% 95% New Wet 1,007 19,141 95% reductio
Power Scrubber 30 day rolling
Cooperative average
Milton R.
Young Station
Unit 1
Minnkota 12,404 65% 95% Modified 2,739 9,665 95%
Power Existing Wet reduction; or
Cooperative Scrubber 90% reduction
Milton R. and 0.15 Ib/1b
Young Station Btu 30 day
Unit 2 rolling average
Total 114,851 16,233 98,618

*Based on the two year baseline emission rate f&RB.

** Based on the average 2000-2004 operating radecamission rates.

Nitrogen Oxides

There are many different technologies availablecfamtrolling nitrogen oxides emissions from
coal fired boilers. The technical feasibility forparticular technology is dependent on the type
and size of the boiler and the type of coal beimgplousted. The types of boiler used at the seven
BART sources in the state are cyclone (3), tangiydiired pulverized coal (2), and wall-fired
pulverized coal (2). The types of coal burned ie ttate are lignite coal with varying
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characteristics from several different mines néer plants and subbituminous coal from the
Powder River Basin (PRB) in Wyoming and Montana.

The nitrogen oxides control technologies that a@ieable to a particular boiler are listed in the
Company BART Analyses in Appendix C and in the Depant BART Determinations in
Appendix B.

One technology, selective catalytic reduction (SCiR)s one of the highest nitrogen oxides
removal rates (in the range of 90 percent) andokas commercially installed on many different
types of boilers burning different types of coabwviever, it has never been installed on any type
of boiler burning North Dakota lignite. The onlylgii scale testing conducted on North Dakota
lignite failed after two months. The seven BARTusies determined SCR is not technically
feasible for installation on boilers in North Da&dturning lignite coal. The Department agrees
that high dust SCR is not technically feasible; beer, low dust and tail end SCR are
considered technically feasible. A detailed dismrson the technical feasibility of SCR is
provided in Appendix B.5. The BART for nitrogen dgs for each source follows:

Basin Electric Power Cooperative Leland Olds Statidnit 1 - This unit is a wall-fired
pulverized coal boiler combusting primarily ligniteal (80-100%) and PRB subbituminous coal
(20-0%). The existing nitrogen oxides control equgmt is low NQ burners installed in 1995.
The BART selected by the Department is a limit Af0pounds per million Btu of heat input on
a 30-day rolling average basis. This limit is to &ehieved by the installation of selective
noncatalytic reduction (SNCR) and basic separatedfioe air (SOFA).

Basin Electric Power Cooperative Leland Olds Statinit 2 - This unit is a cyclone boiler

combusting primarily lignite coal (80-100%) and PR&bbituminous coal (20-0%). The unit
has no existing nitrogen oxides control equipmé&he BART selected by the Department is a
limit of 0.35 pounds per million Btu of heat inparh a 30-day rolling average basis. This limit is
to be achieved by the installation of selective gatalytic reduction (SNCR) and advanced
separated overfire air (ASOFA).

Great River Energy Coal Creek Station Unit 1 andt@n- Unit 1 and Unit 2 are identical
tangentially-fired pulverized coal boilers combaostilignite coal. The existing nitrogen oxides
control equipment is low NOburners (LNB) and separated overfire air (SOFAhe BART
selected by the Department for each unit is a lohid.17 pounds per million Btu of heat input
on a 30-day rolling average basis. This limit id&achieved by the use of the existing lowyNO
burners (LNB) and modified/additional separatedrfeair (SOFA).

Great River Energy Stanton Station Unit 1 - Unitisla wall-fired pulverized coal boiler
combusting PRB subbituminous coal and lignite cddde existing nitrogen oxides control
equipment is low NQburners. The BART selected by the Departmentlisia of 0.29 pounds
per million Btu of heat input on a 30-day rollingesage basis when burning only lignite coal, a
limit of 0.23 pounds per million Btu of heat inpah a 30-day rolling average basis when
burning subbituminous coal, and a weighted aveeagigsion limit when burning a combination
of lignite and subbituminous coal. These limits tarde achieved by the installation of low NO
burners (LNB), overfire air (OFA), and selectivenoatalytic reduction (SNCR).
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Minnkota Power Cooperative Milton R. Young Statldnit 1 and Unit 2 - Unit 1 and Unit 2 are
both cyclone boilers burning lignite coal. The anitave no existing nitrogen oxides control
equipment. The BART selected by the DepartmentUpit 1 is a limit of 0.36 pounds per
million Btu of heat input on a 30-day rolling avgeabasis and for Unit 2 is a limit of 0.35
pounds per million Btu of heat input on a 30-dallimg average basis. These limits will be
achieved by the installation of selective noncatalgeduction (SNCR) and advanced separated
overfire air (ASOFA). These limits do not apply ohg startup. During startup, N@missions
from Unit 1 shall not exceed 2070.1 pounds per hwuml 24-hour rolling average basis and
3995.6 pounds per hour from Unit 2 on a 24-hodmmglaverage basis.

The nitrogen oxides emissions before and after BA#mtrol, the BART controls, and the
nitrogen oxide emission limits for each of the seseurces are summarized in Table 7.4.

Table 7.4
BART-Level Emissions Reductions From the 2000-2004
Nitrogen Oxides Average

2000-2004
Average Baseline Level | BART Level Emissions Emission
Emissions of Control of Control after Controls Reduction
Source and Tons per % Reduction % Reduction* Control Tons per Tons per Emission Limit
Unit Year Device Year** Year**
Basin Electric 2,501 0% 42% SOFA and 1,744 757 0.19 Ib/f®Btu
Power SNCR 30 day rolling
Cooperative average
Leland Olds
Station Unit 1
Basin Electric 10,422 0% 54.5% ASOFA and 5,904 4,518 0.35 Ib/£@tu
Power SNCR 30 day rolling
Cooperative average
Leland Olds
Station Unit 2
Great River 5,116 0% 30% SOFA 4,285 831 0.17 I5/83u
Energy Coal 30 day rolling
Creek Station average
Unit 1
Great River 5,391 0% 30% SOFA 4,104 1,287 0.17 15/B6u
Energy Coal 30 day rolling
Creek Station average
Unit 2
Great River 2,048 0% 45% LNB, Overfirg 1,425 623 0.29 Ib/f®Btu
Energy Stanton Air and SNCR lignite coal 0.23
Station Unit 1 Ib/10° Btu PRB
coal 30 day
rolling average
Minnkota Power 8.665 0% 58.1% ASOFA and 3,857 4,808 0.36 Ib/f®Btu
Cooperative SNCR 30 day rolling
Milton R. Young average
Station Unit 1
Minnkota Power 14,705 0% 58.0% ASOFA and 6,392 8,313 0.35 Ib/£@tu
Cooperative SNCR 30 day rolling
Milton R. Young average
Station Unit 2
Total 48,848 27,711 21,137

*Based on the two year baseline emission rate ARRB.
** Based on the average 2000-2004 average opergdiag
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Filterable Particulate Matter

Filterable particulate matter is solid and liquib-condensable) matter that is captured in the
front half of EPA test method five, the standardttenethod for determining particulate
emissions from boilers.

The existing control devices for filterable partate matter on all seven boilers are dry
electrostatic precipitators (ESPs) with controlicédincies of 99+ percent. Each unit has an
existing particulate emission limit of 0.1 pounds million Btu of heat input.

Recent test results submitted to the Department she actual emissions from the seven units
average 0.03 to 0.05 pounds per million Btu of heptit with occasional values approaching
0.07 pounds per million Btu of heat input.

Upgrading or replacing existing ESPs could reduee garticulate emission rates to 0.013 to
0.015 pounds per million Btu of heat input. Howeviere BART analyses conducted by the
sources indicate the cost effectiveness in dojparston is unreasonable and there is very little
benefit to visibility in the federal Class | areas.

The existing particulate emissions from all sevenens are very low, ranging from 74 tons per
year, 2000-2004 average, at Stanton Station Utot389 tons per year, 2000-2004 average, at
Coal Creek Station Unit 2. The BART screening miodeindicates the maximum visibility
impact improvement from reducing actual existingissimons levels of approximately 0.03
pounds per million Btu of heat input to 0.015 posipeér million Btu of heat input at any Class |
area from any of the seven sources was 0.037 é&svO8th percentile or less. Detailed
particulate emissions data and modeling visibilitypact improvement data for each source can
be found in the Department BART determinations ppéndix B.

The Department has determined that the BART faerible particulate matter for all seven
sources is no additional controls and allowabletipaate emission rate of 0.1 pounds per
million Btu of heat input be reduced to 0.07 poupds million Btu of heat input for five of the
seven units. The Minnkota Power Cooperative MilRinYoung Station Unit 1 and Unit 2 are
subject to an EPA/State consent decree for NewcgdReview violations. The consent decree
requires filterable particulate emissions not toeed 0.030 pounds per million Btu of heat input.
Therefore 0.030 pounds per million Btu of heat inpill be the BART limit for these two units.

Condensable Particulate Matter (RM

Condensable particulate matter is made up of bogamc and inorganic substances. Organic
condensable particulate matter will be made uprgémic substances, such as volatile organic
compounds, which are in a gaseous state throughaithpollution control devices but will
eventually turn to a solid or liquid state. Thénmary inorganic substance expected from the
boiler is sulfuric acid mist, with lesser amount$ipdrogen fluoride and ammonium sulfate.
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Since sulfuric acid mist is the largest compondrdamdensable particulate matter, controlling it
will control most of the condensable particulatetera The options for controlling sulfuric acid
mist are the same options for controlling sulfusxile. These include wet and dry scrubbers.
Three of the sources have existing wet scrubbextswiill be upgraded. Three of the remaining
four units will be equipped with new wet scrubbersd one with a dry scrubber/baghouse
system. These technologies will achieve greatem #60 percent reduction of sulfuric acid
mist emissions. Changes that would provide additiseductions are economically infeasible
considering the minimal improvement in visibilityat could be achieved.

The control of volatile organic compounds at popwkmts is generally achieved through good
combustion practices. The Department is not awbamy BACT determination at a power plant
that resulted in any control technology being useBACT has been found to be good
combustion practices which are already in use singgnimizes the amount of fuel to generate
electricity.

EPA document AP-42, Compilation of Air Pollutant Esion Factors, indicates the emission
rate of condensable particulate matter could be&beo to be 0.02 pounds per million Btu. This
emission rate is less than the current emissiotidtefable particulate matter and the emissions
of filterable particulate matter were determinethéwe a negligible impact on visibility.

Having considered all the factors, the Departmers thetermined that BART for condensable
particulate matter is represented by good sulfoxide control and good combustion control.
Since the primary constituent of condensable pddie matter is sulfuric acid mist which is
controlled proportionately to the sulfur dioxidentwlled, the BART limit for sulfur dioxide can
act as a surrogate for condensable particulateematbng with a requirement for good
combustion practices.

BART Modifications Description

A summary description of the BART modifications posed at each of the seven subject-to-
BART sources follows:

Basin Electric Power Cooperative Leland Olds Stafinit 1 and Unit 2 - A wet scrubbing
system will be installed to remove sulfur dioxidern the flue gas of each unit. Nitrogen oxides
emissions from Unit 1 will be controlled by baseparated overfire air (SOFA) and selective
noncatalytic reduction (SNCR). Nitrogen oxides fraunit 2 will be controlled by advanced
separated overfire air (ASOFA) and selective nadgtt reduction (SNCR).

Great River Energy Coal Creek Station Unit 1 andt @n- Sulfur dioxide emissions will be
controlled by the installation of a coal drying ®ys; the installation of trays or new liquid
distribution rings (LDRs) and high flow mist elinaitors (MES) in the existing wet scrubbers; the
elimination of the bypass of the wet scrubbersthedmodification of the existing stacks for wet
operating conditions. Nitrogen oxides emissionf & controlled by the installation of an
additional level of separated overfire air (SOFAEach boiler.
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Great River Energy Stanton Station Unit 1 - Sutfioxide emissions will be controlled by the

installation of a spray dryer and fabric filter & (dry scrubber). Nitrogen oxides emissions
will be controlled by the installation of low-NOburners plus overfire air plus selective
noncatalytic reduction (SNCR) technology.

Minnkota Power Cooperative Milton R. Young Statiomit 1 and Unit 2 - Sulfur dioxide
emissions will be controlled by the installation afnew wet scrubber on Unit 1 and by
upgrading the existing wet scrubber on Unit 2. rdgien oxides emissions from both units will
be reduced using advanced separated overfire &OFA) and selective noncatalytic reduction
(SNCR).

The control technology to be installed on each @®umit is described in more detail in the
company BART determinations in Appendix C and thep&tment BART determinations in
Appendix B.

7.4.3 Summary of Emission Reductions

BART for the BART-eligible sources in the State Nbrth Dakota that are significant
contributors to visibility impairment in a Classaidea are shown in Tables 7.3 and 7.4 for sulfur
dioxide and nitrogen oxides. BART is the emisdiamt for each pollutant based on the degree
of reduction achievable through the applicationtlod best system of continuous emission
reduction, taking into consideration the technolaggilable, the costs of compliance, the energy
and the non-air quality environmental impacts ahpbance, any pollution control equipment in
use or in existence at the source, the remainirduldife of the source, and the degree of
improvement in visibility which may reasonably betieipated to result from the use of such
technology. The Department BART determination wgsial for each BART-eligible source is
included in Appendix B.

The application of BART to all BART-eligible souc@rovides an estimated emission reduction
from the 2000-2004 average baseline emissions @188tons per year of sulfur dioxide and

21,137 tons per year of nitrogen oxides. Theseatashs are shown in Tables 7.3 and 7.4 for
each source and in total.

BART for each BART-eligible source was determinathg the methodology in the Guidelines
for BART Determinations Under the Regional HazeeRud0 CFR Part 51, Appendix Y.

7.5 Air Pollution Control Permit to Construct for Subject-to-BART
Sources

Section V of Appendix Y to Part 51 - Guidelines BART Determinations Under the Regional
Haze Rule requires the State establish enforceatvission limits that reflect the BART
determinations and require compliance within a giyeriod of time. In particular, the State
must establish an enforceable emission limit fahesubject emission unit at the source and for
each pollutant subject to review that is emittedfrthe source. The Department worked closely
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with the staff of the EPA Region 8 Air Programsiaéfto ensure the permit template contents
and language were acceptable to meet the requiterokSection V.

The emission limits, monitoring, recordkeeping amgorting requirements specified in the

Department BART determination for each subject-&RB source are included in a federally

enforceable Air Pollution Control Permit to Constrthat will be issued by the Department to

the owner/operator of the facility before the S$Bubmitted to EPA. The permits are issued by
the Department under existing authority pursuamiAC Chapter 33-15-14 and Chapter 33-

15-25.

There are four Permits to Construct, one for botiit @ and Unit 2 at the Basin Electric Power
Cooperative Leland Olds Station, one for both Unéind Unit 2 at the Great River Energy Coal
Creek Station, one for Unit 1 at the Great Riveefgy Stanton Station, and one for Unit 1 and
Unit 2 at the Minnkota Power Cooperative Milton Roung Station. The four permits are

included in Appendix D.

7.5.1 Enforceable Emission Limits

Enforceable emission limits that reflect the BAR&tarminations are included in each Air
Pollution Control Permit to Construct as permit @idion 11.A.1. Conditions for sulfur dioxide
are in ll.A.1.a., nitrogen oxides in II.A.1.b., afiderable (non-condensable) particulate matter in
[ILA.1.c. Each Air Pollution Control Permit to Cstnuct is incorporated as a part of this
Regional Haze SIP.

As required by Section V of Appendix Y, the limitats for sulfur dioxide and nitrogen oxides
specify an averaging time of a 30-day rolling ageraand contain a definition of “boiler
operating day” which is any 24-hour period betw&2r00 midnight and the following midnight
during which any fuel is combusted at any timehatsteam generating unit.

7.5.2 Monitoring, Recordkeeping, and Reporting Reguements

Monitoring, recordkeeping, and reporting requiretedrave been included in each Air Pollution
Control Permit to Construct. The owner/operator required to conduct monitoring,
recordkeeping and reporting as required by NDAC pgi#ra33-15-14-06, Title V Permit to
Operate and NDAC 33-15-21, Acid Rain Program (4RCGR, 75, and 76). The conditions in
each source’s existing Title V operating permitlveié revised as necessary to cover the new
BART emissions limits as they are included thesenfie. Monitoring requirements are found in
permit condition 1l. A. 4, recordkeeping requirerteerare found in I1LA.5, and reporting
requirements are found in Il. A. 6.
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7.5.3 Operating and Maintenance Requirements

Item 51.308(e)(1)(v) of the EPA BART rule requiteat each source subject to BART maintain
the control equipment and establish proceduresisoire such equipment is properly operated.
This requirement is also included in the statesraleNDAC 33-15-25-02.3.

Each Air Pollution Control Permit to Construct haandition Il. B. 4 which requires that the
owner shall at all times, including periods of &tpr shutdown, and malfunction, maintain and
operate the BART unit(s) and all other emissiontaunncluding associated air pollution
equipment and fugitive dust suppression operation® manner consistent with good air
pollution control practices for minimizing emissgn

7.5.4 Compliance Date

The Department is requiring that each source subpeBART shall install and operate BART as
expeditiously as practicable but in no event latean five years after approval of the
implementation plan revision by EPA as requiredSggtion V of Appendix Y to 40 CFR Part
51 and Item 51.308(e)(1)(iv) of the EPA BART Rul&his requirement is also included in the
State rule as NDAC 33-15-25-02.2.

This requirement is included as Condition 1.A.2fe Air Pollution Control Permit to Construct
issued for each source subject to BART. Whenithfdementation plan is approved by EPA, a
Title V operating permit will be issued for eachusme incorporating the conditions of the
Permits to Construct.
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8. Visibility Modeling

8.1 Introduction

Computer modeling to determine progress with respecisibility improvement goals was
conducted in support of this North Dakota Regidtate SIP. The Regional Haze RulBule)
specifies that modeling must be applied to dematestreasonable progress toward the goal of
achieving natural visibility conditions in each PEIass | area by 2064. As discussed in Section
5.4, theuniform rate of progress defines the visibility improvement which would heeded for
each planning period to achieve natural visibitipnditions by 2064. The first planning period
begins at the end of the baseline (2004) and textiesnin 2018. The visibility improvement
progress needed by 2018 (or 2018 target) is datedrby interpolating from the uniform rate of
progress glide path, as illustrated in Figure 5.5.

Modeling analyses completed in support of the N@rdkota SIP and discussed here address the
first planning period, and the 2018 target. Thasalyses assume that the 2018 goal for each
Class | area is the uniform rate of progress (gban) target for 2018. The Regional Haze Rule,
however, gives states the option of establishimegsonable progress goals which are
independent of the uniform rate of progress. Hasonable progress goals established by a state
for 2018 will not necessarily equal the uniformeraf progress target for 2018 (see Section 10).

To demonstrate reasonable progress with respaasitulity goals for the first planning period,
the Rule specifies that visibility on the 20 pertcemrst (most impaired) days must improve,
while visibility on the 20 percent best (least inmpd) days must not deteriorate, between the
base period (2000-2004) and 2018. Computer magielias used to project future visibility,
accounting for proposed BART controls and other ibilis-affecting emissions
increases/decreases. Modeling was applied inagivelsense. Baseline and projected future
emission inventories were modeled to develop arddbaseline prediction ratio (relative
response factor). The ratio was then applied seloée monitoring data for visibility-affecting
species to project future visibility.

The Western Regional Air Partnership (WRAP) regigrlanning organization has established a
Regional Modeling Center (RMC) to assist membetestaincluding North Dakota, with
modeling to determine status with respect to the82fpals. The RMC has applied a chemically
sophisticated grid model (CMAQ), on a regional ba® project future visibility in Class | areas
in the WRAP regioh The RMC has developed comprehensive base paridduture period
visibility-affecting emission inventories to usetiviCMAQ, and has performed numerous studies

240 CFR 51.308

® Tonnesen, G., R. Morris, Z. Adelman, et. al., 2008006 Report for the Western
Regional Air Partnership (WRAP) Regional Modelingn@er (RMC). Western Regional Air
Partnership, Denver, CO 80202.
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using base period model and monitoring data toustal CMAQ performanée Finally, the
RMC has applied CMAQ to project 2018 visibility feach Class | area in the WRAP region,
including the Theodore Roosevelt National Park lamstwood Wilderness Class | areas in North
Dakota.

To supplement work done by the WRAP RMC, the Ndithkota Department of Health
(NDDoH) has conducted further modeling analysisadlaress 2018 visibility goals for North
Dakota Class | areas. Though the NDDoH utilized ARRRMC results in assessing progress
with respect to visibility goals in North DakotaaSk | areas, the NDDoH also recognized it
would have to develop further modeling capabiliby ¥isibility projection in order to address
weight of evidence issues not included in WRAP nfiade such as discounting the impact of
international sources. In addition, the NDDoH laticerns regarding the spatial resolution of
the WRAP CMAQ simulations, particularly for largeipt sources.

The RMC is applying CMAQ on a national basis usangrid resolution of 36 km, with no
plume-in-grid treatment. This means that emissfoo point sources are immediately mixed
uniformly throughout a 36 km (square) grid cellwole, which may overstate the dilution of the
plume, and the speed of chemical reactions forispemntained in the plume. This may be
problematic, especially for sources located reddyivnear Class | areas. Consequently, the
contribution of visibility-affecting species fronmése sources may be misrepresented for both
base period and future period modeling. This kN in treatment of point sources is
recognized in CMAQ documentation

The NDDoH utilized a hybrid modeling approach fatermining status with respect to the
visibility goals. This approach involved nestimg tocal NDDoH CALPUFF domain within the
WRAP National CMAQ domain, and applying the Lagrang CALPUFF model in a
retrospective sense to more realistically definem@ geometry for local point sources. To
implement the nesting, hourly output concentrativosy WRAP CMAQ were used to set hourly
boundary conditions for CALPUFF. The use of CMAQtput to set CALPUFF boundary
conditions has been suggested by Escoffier-Czafh @cir€. Location of the NDDoH
CALPUFF domain within the National CMAQ domain lisistrated in Figure 8.1.

Given limitations in the CALPUFF chemistry for othgpecies, the NDDoH hybrid modeling
system was used for simulation of S80,-NOx-HNOs-NO3z chemistry and transport, and thus
sulfate (SQ) and nitrate (N@ predictions, only. Results for all other visityitaffecting

4 See WRAP RMC web site at http://pah.cert.ucr.eq/308/

® EPA, 1999. Science Algorithms of the EPA Model§@mmunity Multiscale Air
Quality (CMAQ) Modeling System. Office of Reseamnd Development, Washington DC
20460.

® Escoffier-Czaja, C., and J. Scire, 2005. Commentthe Computation of Nitrate Using

the Ammonia Limiting Method in CALPUFF. Appendix Braft Protocol for the Application
of the CALPUFF Model for Analyses of Best Availalitetrofit Technology (BART), VISTAS.
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Figure 8.1
WRA | |
P CMAQ Domain and NDDoH CALPUFF Domain
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species, including organic carbon mass (OMC), etgatecarbon (EC), fine particulate (Soil),
and coarse particulate (CM), were obtained direfityn the CMAQ output for the grid cell
containing each subject Class | area IMPROVE monitGMAQ output was combined with
CALPUFF results for sulfate and nitrate in order gerform necessary light extinction
calculations. In this way, the NDDoH benefits fréime sophistication of the RMC approach for
other particulate components, which reflect a \@nall percentage of emissions from the local
point sources of concern.

WRAP and NDDoH protocols for modeling visibility ggress goals generally adhere to EPA
Guidance on the Use of Models and Other Analyses for Demonstrating Attainment of Air Quality
Goals for Ozone, PM,;s, and Regional Haze”. An evaluation of modeling system performance
was conducted first. Then baseline (2000-2004) fawke (2018) emission scenarios were
modeled in order to develop relative response factBRFs). Finally, RRFs were applied to
baseline IMPROVE monitoring data to project futurgbility in North Dakota Class | areas.

Class | areas in North Dakota include the thredsuof Theodore Roosevelt National Park
(TRNP), and the Lostwood Wilderness Area (LWA). HRIOVE monitors are located at the
TRNP South Unit and LWA, only. Therefore, these t@lass | areas were the focus of the
modeling analyses. Locations of North Dakota Classeas, IMPROVE monitor sitesnd
larger visibility-affecting sources are depictedrigure 8.2.

While this presentation (Section 8) addresses BGRAP and NDDoH visibility modeling
analyses, focus is on the NDDoH modeling as WRAGtgulures are extensively documented
elsewhere. The WRAP protocol for regional hazebilitsy modeling is summarized 2006
Report for the Western Regional Air Partnership (WRAP) Regional Modeling Center (RMC)®.
The NDDoH protocol for regional haze progress goatleling is attached as Appendix E to this
document.

8.2 Regional Haze Metrics

To address progress in visibility improvement, miogis used to provide mass concentrations
of visibility-affecting species. These concentrai are translated into light extinction using the
IMPROVE algorithm. Finally, light extinction is owerted to deciviews to accommodate
comparison with visibility goals. Use of the daeiv metric to assess baseline visibility, natural
visibility, and improvement in visibility was disssed in Section 5.

Calculation of light extinction from visibility-aéfcting aerosol concentrations for the WRAP

"EPA, 2007. Guidance on the Use of Models and iOthalyses for Demonstrating
Attainment of Air Quality Goals for Ozone, PM2.5icBRegional Haze. Publication No. EPA
454/B-07-002, Office of Air Quality Planning andaBtlards, Research Triangle Park, NC
27711.

8 See supra note 3.
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Figure 8.2
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RMC and NDDoH regional haze analyses is based erfrtew” IMPROVE algorithm. This
new system was seen to reduce bias associatedisétbf the “old” IMPROVE algorithm, and
was adopted as an alternative by the IMPROVE Stgefiommittee in December 2005. The
new algorithm splits ammonium sulfate, ammoniumraté, and organic mass concentrations
into two fractions: small and large. The new aildpon for light extinction is:

Dext = 2.2 X §{(RH) x [small amm. sulfate] + 4.8 x(RH) x [large amm. sulfate]
+ 2.4 x §(RH) x [small amm. nitrate] + 5.1 x(RH) x [large amm. nitrate]
+ 2.8 x [small organic mass] + 6.1 x [large organi&ss]|
+ 10.0 x [elemental carbon]
+ 1.0 x [fine soll]
+ 1.7 x £{RH) x [sea sall]
+ 0.6 x [coarse mass]
+ Rayleigh scattering (site-specific)
+0.33 x [NQ (ppb)]

where

bext = light extinction in units of inverse megamet@vim™),

fs(RH) = function of relative humidity for small sizeaction,

fL(RH) = function of relative humidity for large sib@ction,

fs{RH) = function of relative humidity for sea salt,

all species concentrations (with exception ofN&e provided in ug/f
amm. sulfate / amm. nitrate means ammonium sulfatemonium nitrate.

Apportionment of total sulfate concentrations istoall and large size fractions is defined:

[large amm. sulfate] = [total amm. st#ff , for [total amm. sulfate] < 20 ug/m
20 ug/m

[large amm. sulfate] = [total amm. sulfate], fasthl amm. sulfate] 20 ug/ni
[small amm. sulfate] = [total amm. sulfate] - [largmm. sulfate]

Similar equations are used to apportion total amumonnitrate and total organic matter
concentrations into small and large size fractions.

A solution for the N@term in the extinction algorithm is problematicthe IMPROVE network
does not include NOsampling. However, WRAP and the NDDoH have deteeoh that the
NO; term has very little impact on total light extilmet. A review of observational NQlata
from an NDDoH monitoring site in Theodore Roosewditional Park revealed that readings
were less than the minimum detectable level of ghb more than 80% of the time in 2002

° IMPROVE, 2005. New IMPROVE algorithm for estinmagilight extinction approved
for use. The IMPROVE Newsletter, Volume 14, NuméerAir Resource Specialists, Inc., Fort
Collins, CO 80525.
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Accordingly, both WRAP and the NDDoH have omitté tNG, term in analyses for future
visibility.

The IMPROVE network does include sampling for sal& sBut monitored values are very low

in North Dakota Class | areas. Further, the WRARRound that the CMAQ model was not a
reliable predictor for sea salt. Therefore, WRA lomitted sea salt as a modeled species, and
both WRAP and the NDDoH are assuming a relativeaese factor of 1.0.

Light extinction is converted to deciview using foowing relationship:
dv =10 x In(R« / 10)
where

dv = deciview,
bex: = light extinction in units of inverse megametg@vin™).

Visibility goals are generally expressed as deursie

8.3  Projection of Future Visibility

Methodology for WRAP and NDDoH projection of futuwesibility is based on EPASuidance

on the Use of Models and Other Analyses for Demonstrating Attainment of Air Quality Goals for
Ozone, PM,s, and Regional Haze'®. The guidance proposes a relative modeling apgproa
project future (2018) visibility, in order to deteine compliance status with respect to visibility
goals at Class | areas. Implementation of thetivelanodeling approach relies on relative
response factors (RRFs) which represent the modedpdct of the future (visibility affecting)
source emissions inventory divided by the modetepaict of the baseline source inventory at
Class | areas. These RRFs are applied to bad8iRROVE monitoring data to project future
visibility for each Class | area.

Per the Regional Haze Rule, projection of futusghiiity is needed for the 20% worst and 20%
best visibility days at each Class | area. The 208#st days and 20% best days are determined
from Class | area IMPROVE monitoring data for egelr for the 5-year baseline period 2000-
2004. Because IMPROVE sampling occurs once evagetdays, the maximum number of
monitored days per year would be 122, and the maimumber of 20% worst or best days per
year would be 24.

According to the EPA guidance, worst-day RRFs anetbped by comparing the future average
predicted mass concentration for 20% worst dayght baseline average predicted mass
concentration for 20% worst days, for each vidipisiffecting species. The 20% worst modeled
days are temporally consistent with the worst nayed days, which requires that modeling is

19 See supra note 7.
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based on 2000-2004 meteorological data (i.e., metagical data used for modeling represents
the same period as baseline monitoring), if alefixears are model€d For each visibility
affecting species (SONO;, OMC, EC, Soil, CM), a single RRF is developed éach Class |
area. The RRF is calculated by dividing the predicfuture concentration averaged over all
worst days by the predicted baseline concentrati@raged over all worst days. Then, future
concentrations for each species are projected Htiphying the RRF by the observed species
concentration on each of the baseline worst ddyse same process is used to develop best-day
RRFs, and project best-day concentrations.

The RRF approach can be expressed mathematically:
where

X' represents projected observed future concentréiospecies i on day j (each of
20% worst days for each baseline year),

X", representsbserved baseline (IMPROVE data) concentration jecies i on day j
(each of 20% worst days for each baseline year),

)Z"pf represents average predicted future concentradragpecies i (average of 20%
worst days),

)pr represents average predicted baseline concemtrfatiepecies i (average of 20%
worst days),

RRFrepresents the relative response factor for spécie
The same system is applied to project 20% bestdagentrations.

The set of projected future worst-day concentrati@ncluding all species above) is converted to
light extinction through application of the IMPRO\&fjuation (Section 8.2) for each day, then
daily light extinction is converted to deciview feach day. Finally, projected daily deciview is

averaged over all worst-case days for each yean #veraged over all years to produce the
single future value needed to address visibilitalgdor each Class | area. This procedure is
repeated for projected future best-day concentratio

Both the WRAP RMC and the NDDoH followed this gealenethodology for projecting future
visibility-affecting species concentrations, andseguently, worst day and best day future
deciview.

" Because of the resource demands of the CMAQ mtuelWWRAP RMC limited their
visibility modeling analysis to the use of 2002 ewblogy, only. Consequently, the NDDoH
analysis was likewise limited to 2002 meteorologye RRFs developed from modeling based
on 2002 meteorology were then applied to all fieang of monitoring data for future projection.
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8.4 WRAP Visibility Modeling Methodology

The Western Regional Air Partnership (WRAP) is aiBeal Planning Organization (RPO)
representing the western states, including Nortkoiza WRAP is one of five RPOs which
together cover all states in the country. Thes©®Bre responsible for assisting states in the
development of State Implementation Plans (SIPd) Btibal Implementation Plans (TIPS) to
address requirements of the Regional Haze Ruletcasisist with other air quality issues.

WRAP has established a Regional Modeling Center @Rk conduct visibility modeling and
provide technical modeling guidance to supportaeai haze SIPs and TIPs for western states.
This RMC reflects a consortium of technical exgertirom University of California Riverside,
University of North Carolina, and ENVIRON Internatial Corporation. With funding from the
western states, the RMC conducted an extensive Imgdeffort to project future visibility for
each Class | area in the western United Statelsidimg) the Class | areas in North Dakota.

WRAP RMC visibility modeling methodology is largelgescribed inFinal Report for the
Western Regional Air Partnership (WRAP) Regional Modeling Center (RMC) for the Project
Period March 1, 2004 through February 28, 20052 and 2006 Report for the Western Regional
Air Partnership (WRAP) Regional Modeling Center (RMC)™. Specific documentation for most
recent baseline and future modeling cases is pedvid2002 Planning Smulation Version D**
and 2018 Preliminary Reasonable Progress Smulation Version A'®, respectively. These and
other resources can be obtained from the WRAP vtelashttp://pah.cert.ucr.edu/rmc.

Primary modeling tools used by the WRAP RMC inctude

» the Fifth-Generation Pennsylvania State Universiagional Center for Atmospheric
Research (PSU/NCAR) Mesoscale Model (MM5) metegickl modeling system,

* the Sparse Matrix Operator Kernel Emissions (SMO#g)ssions modeling system,

» the Community Multiscale Air Quality (CMAQ) air glig modeling system, and

2 Tonnesen, G., R. Morris, Z. Adelman, et. al., 208%al Report for the Western
Regional Air Partnership (WRAP) Regional Modelingnter (RMC) for the Project Period
March 1, 2004, through February 28, 2005. WedRsgional Air Partnership, Denver, CO
80202.

13 See supra note 3.

“WRAP, 2008. 2002 Planning Simulation Version\Bestern Regional Air
Partnership, Denver, CO 80202.

1SWRAP, 2008. 2018 Preliminary Reasonable Progd@ssilation Version A. Western
Regional Air Partnership, Denver, CO 80202.
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» the PM Source Apportionment Technology extensioBAP) of the Comprehensive Air
Quality Model (CAMX).

The modeling domain established by the RMC inclualesf the contiguous United States, and
parts of Mexico and Canada (see Figure 8.1). Tk Rised the MM5 model to develop the
meteorological fields necessary for execution of A&AYand PSAT within the domain. Grid cell

size was specified as 36 kilometers in the horaladitection, and vertical structure was defined
by 19 layers of varying depth. Because of resoar@ time constraints (primarily related to
CMAQ and PSAT), preparation of meteorological dages limited to Year 2002 of the baseline
period.

Emissions inventory development for WRAP RMC vikipimodeling relied primarily on the
EPA National Emissions Inventory (NEI), and infotioa collected from states and other RPOs.
County emissions data for visibility affecting spgs; as well as all other species necessary to
execute the chemistry in CMAQ and PSAT, were ctdleécand processed into the format
required by SMOKE. Then SMOKE was executed to appoemissions to the appropriate grid
cell and vertical layer within the modeling domaon an hourly basis. Where appropriate,
temporal emissions patterns were applied during é¢kecution of SMOKE. All source
categories shown in Table 8.1 were accounted foth& processing of emissions data in
SMOKE.

Table 8.1
WRAP RMC Source Categories
Source Category
Stationary Point Sources Road Dust
Stationary Area Sources Fugitive Dust
On-Road Mobile Wind-Blown Dust
Off-Road Mobile Wild Fires
Biogenic Natural Fires
Oil & Gas Anthropogenic Fires
Offshore Platforms Agricultural Ammonia
Offshore Shipping

The WRAP RMC has included three basic emissiongscas their visibility modeling, for
performance evaluation and the development ofivelaésponse factors.

 Case BASEO02b reflects year 2002 emissions whichcareurrent with the year 2002
meteorology. WRAP used this case for performaneduations.

» Case PLANO2d reflects a composite interpretatiorerofssions for the 2000-2004 period.
WRAP used this case for the baseline period torgémeelative response factors.
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 Case PRP18a (Preliminary Reasonable Progress 2(Hi@&i% A) reflects projected year
2018 emissions. Case PRP18a represents base pmmasions projected to 2018,
accounting for estimates of the effect of BART cols, and assuming other growth and
control factors. WRAP used this case for the ®itperiod to generate relative response
factors.

Note that WRAP recently completed modeling for @dated Case PRP18b future emissions
scenario, as discussed in Section 6. Because ND@sHility modeling was initiated and
largely completed well before the WRAP PRP18b eimnss inventory and modeling results
were available, however, Case PRP18b is not indluithe the visibility modeling results
discussed in this SIP. For North Dakota sourcese@RP18b reflects only a slight decrease in
emissions relative to Case PRP18a. Thereforeltsemud conclusions of the visibility analyses
reported here would not be meaningfully changed te use of Case PRP18b emissions.

To define boundary conditions for the WRAP modeldamain, species concentrations for the
perimeter of the domain were derived from the gl@aOS-CHEM model.

Before beginning production modeling for developmehRRFs, the WRAP RMC conducted
extensive performance evaluations for both CMAQ &AMx/PSAT. These performance
evaluations were used to refine emissions invesgoaind other input conditions. CMAQ was
subsequently applied to baseline (PLANO2d) andré&ut(PRP18a) emissions inventories to
generate RRFs and project future visibility in Gldsareas. Development of RRFs and
projection of future visibility followed default EPmethodology®, as outlined in Section 8.3.

Finally, PSAT was applied to assess source andiespexttribution for projected visibility

impacts.

Results of WRAP RMC modeling for North Dakota Classeas are reviewed in Section 8.6.2.

8.5 NDDoH Visibility Modeling Methodology

In support of the North Dakota Regional Haze ShHe North Dakota Department of Health
(NDDoH) conducted refined progress goal visibilityodeling to supplement and update the
modeling conducted by WRAP RMC. The NDDoH devetbpe in-house modeling capability
to address weight of evidence issues, and conaegerding the resolution of the WRAP
CMAQ simulations, particularly as applied to lagggint sources located near Class | areas. As
discussed in Section 8.4, WRAP RMC modeling focusedhe default EPA methodology for
regional haz¥, and did not address weight of evidence issuels aaaiscounting the effect of

16 See supra note 7.

17 See supra note 7.
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international source emissions. The RMC appliedACMon a regional basis using a grid
resolution of 36 km, with no plume-in-grid treatnhen

The NDDoH regional haze modeling constitutes a idybpproachas it involved nesting the
local NDDoH CALPUFF domain within the WRAP Nationr@MAQ domain, and applying the
Lagrangian CALPUFF model in a retrospective seasadre realistically define plume-receptor
geometry for local point sources. To implementriesting, hourly output concentrations from
WRAP CMAQ modeling were used to set hourly boundaogditions for CALPUFF. CMAQ
output used to set CALPUFF boundary conditionseotfl corresponding WRAP cases for
baseline and future emission inventories.

The hybrid modeling approach was used for simulatibSQ-SQO,-NOx-HNO3;-NO3; chemistry
and transport and, thus, sulfate and nitrate ptieds, only. RRFs and projected future
concentrations for other visibility affecting spesi including organic carbon (OMC), elemental
carbon (EC), fine particulate (Soil), and coarsessn@M), were taken directly from the WRAP
RMC results for North Dakota Class | areas. Thieral to WRAP CMAQ results for these
species is based on limitations in the CALPUFF abtgn and the fact that larger point sources
located relatively near North Dakota Class | aredsgre CMAQ resolution is a concern, are
primarily emitters of S@and NQ. Further, IMPROVE measurements at North Dako&s£l
areas indicate that sulfate and nitrate are primsantributors to light extinction on most worst-
case days. Individual species contribution totligktinction for worst-case days at Theodore
Roosevelt National Park is illustrated in Figur8.8Therefore, weight of evidence assessments
should be most affected by changes in sulfate @rettenconcentrations.

The NDDoH used the hybrid modeling system in a supge sense to add value to the original
WRAP CMAQ modeling results for sulfate and nitrat€he hybrid system was used to adjust
WRAP CMAQ results in order to offset coarsenesth@éCMAQ resolution for large local point
sources, and in order to discount the effect adrimtional (Canadian) sources. Procedures for
adjusting WRAP CMAQ results are discussed in Sa@i®.6.

For hybrid modeling, the NDDoH used the State’snpsoburce inventory for SGand NQ, and
has imported WRAP RMC data for all other sourcesgaties (and for point source $@nd
NO3) to apportion emissions within the CALPUFF domaiWRAP used the SMOKE emissions
modef® to develop the emissions inventory for CMAQ. TN®DoH has obtained and
processed WRAP SMOKE output to define area sountisséons for the CALPUFF domain.
The CALPUFF area source emissions inventory indute species SOSQ,, NOx, and NQ.

In addition, primary S@and NQ emissions data were extracted from the SMOKE itorgrfor
point sources, and apportioned to the CALPUFF doraaiarea sources. WRAP CMAQ source
categories included in the CALPUFF emissions inegnare outlined in Table 8.2. Note that
WRAP SMOKE output did not contain all four spediessome source categories.

18 University of North Carolina, 2007. SMOKE UselNmnual. The Institute for the
Environment, University of North Carolina.
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Table 8.2
CMAQ-CALPUFF Area Source Categories

Source Category Species Included
All Fires SO, NOx, SQi,, NOs
Biogenics NOx

Fugitive Dust SOy, NOs

On-Road Mobile SO, NOk, SQy

Off-Road Mobile SO, NOx, SQi, NOs
Road Dust SOy, NOs
Oil & Gas SO, NOk

Conventional Area SO, NOk, SQ,, NGs

Point SOy, NOs

The interfacing of CMAQ and CALPUFF modeling syssefar the NDDoH hybrid approach is
illustrated in the flow diagram in Figure 8.4. Nssary software for processing input data and
projecting future visibility has been developedthy NDDoH.

To confirm effectiveness of the hybrid CMAQ-CALPURRodeling system, the NDDoH
conducted a performance evaluation prior to commngngroduction modeling. The evaluation
focused on performance of the hybrid system forfagell and nitrate concentrations, and
prompted changes to some model inputs to improwéonpeance relative to observations.
CMAQ performance evaluations conducted by WRAP RK€ OMC, EC, Soil, and CM
species are also relevant. The NDDoH Performanakiation is discussed in Section 8.6.1.

The NDDoH has obtained CMAQ emissions input datMQ@8E output) and hourly
concentration output files from the WRAP RMC. CMAlata used to set CALPUFF boundary
conditions and develop the CALPUFF area sourceniorg will be based on WRAP cases
BASEO2b, PLANO2d, and PRP18a, for performance exan, baseline case, and future case
modeling, respectively. These WRAP scenarios aseribed as follows.

» Case BASEO2b reflects CMAQ modeling using year 2@BRissions with year 2002
meteorology. The NDDoH used this case for perforteaevaluations.

» Case PLANO2d reflects CMAQ modeling using compo2@@0-2004 emissions with 2002
meteorology. The NDDoH used this case for the Ipgseod to generate relative response
factors.

» Case PRP18a (Preliminary Reasonable Progress 2@tau$ A) reflects CMAQ modeling
using projected year 2018 emissions with 2002 melegy. Case PRP18a represents base
period emissions projected to 2018, accountingefbimates of the effect of BART controls,
and assuming other growth and control factors. MB®H used this case for the future
period to generate relative response factors.
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Again, WRAP recently completed modeling for an updaCase PRP18b future emissions
scenario, as discussed in Section 6. Because ND@sHility modeling was initiated and
largely completed well before the WRAP PRP18b eimnss inventory and modeling results
were available, however, Case PRP18b is not indluithe the visibility modeling results
discussed in this SIP. For North Dakota sourcese@RP18b reflects only a slight decrease in
emissions relative to Case PRP18a. Thereforeltsemud conclusions of the visibility analyses
reported here, although conservative, would noimeaningfully changed with the use of Case
PRP18b emissions.

The modeling system, emissions inventory, otherehatputs, and procedures for the NDDoH
regional haze modeling analysis are discussed llawimg Sections 8.5.1 through 8.5.6. A
detailed, step-by-step outline of NDDoH visibilitpodeling procedure is also provided in
Appendix E of this report.

Results of the NDDoH hybrid visibility modeling féforth Dakota Class | areas are reviewed in
Section 8.6.

8.5.1 Hybrid Modeling System

For sulfate and nitrate predictions, the NDDoH &aplthe CALPUFF model, using regional
WRAP CMAQ output concentrations to set boundaryditoons for the CALPUFF domain. The
CALPUFF computer modeling system includes the CAMBeteorological mod&], the
CALPUFF dispersion/chemistry mod®land the POSTUTIL and CALPOST post processing
programs. POSTUTIL implements the ammonia limitmgthod, which provides an adjustment
to avoid overstating available ammonia for NNO NO; conversion chemistry in CALPUFF. In
the NDDoH implementation of the CALPUFF system fwoduction visibility modeling, the
CALPOST processor was replaced with CALHAZE, a nmieduhich directly processes relative
response factors and projects future visibilityngshourly output from CALPUFF (POSTUTIL)
baseline and future model runs.

With the exception of CALHAZE (developed by NDDoHJALPUFF and associated software
was developed and is maintained by TRC Corpordgwaviously by Earth Tech, Inc.). The
versions of CALPUFF and associated programs wHiehNDDoH utilized for regional haze
modeling are summarized in Table 8.3.

19 Earth Tech, Inc., 2000. A User’s Guide for thén@zt Meteorological Model. Earth
Tech, Inc., Concord, MA 01742.

20 Earth Tech, Inc., 2000. A User’s Guide for thépD# Dispersion Model. Earth Tech,
Inc., Concord, MA 01742.
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Table 8.3
CALPUFF System Versions
Applicable For Regional Haze Modeling

Program Version Level
CALMET 5.8 70623
CALPUFF 5.8 70623
POSTUTIL 1.56 70627

The meteorological/computational modeling domairedusy the NDDoH for CALPUFF
visibility modeling is illustrated in Figure 8.5Dimensions of the domain are 639 kilometers
east-west by 459 kilometers north-south, with azomtal grid cell size of 3 kilometers. In the
vertical, the domain is defined by twelve vertitaters. The domain is sized and positioned to
encompass all large visibility-affecting point soes located within 250 km of North Dakota
Class | areas. Because the domain is relativelyeldor CALPUFF modeling, all location
coordinates are based on the Lambert Conformal pnajection to mitigate distortions due to
the earth’s curvature.

8.5.2 CALMET Input

Input requirements for the CALMET model includeivas meteorological and geophysical data
sets, and a control input file with appropriatetisgs. Required meteorological data include
surface, upper-air, and precipitation observaticarsj mesoscale model output data fields.
Geophysical input data include terrain elevatiod &Emd-use data. Though CALMET may be
run with mesoscale model meteorological data, aloaee no observations), the EPA modeling
guideliné* recommends “blending” observations with the mealeseodel fields. Therefore,
the NDDoH included surface and upper-air obsermatia a blended approach.

Because WRAP RMC modeling was limited to the siryglar 2002 meteorology due to resource
limitations, the NDDoH hybrid approach was necabsdimited to the same single year of
meteorology.

2L CFR, 2005. EPA Guideline on Air Quality Model0 CFR (Code of Federal
Regulations) Part 51, Appendix W.
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8.5.2.1 Meteorological Data

8.5.2.1.1 Mesoscale Model Data

NDDoH mesoscale model wind fields used with CALM&E based on the National Center for
Environmental Predictions (NCEP) Rapid Update Cy@&JC) forecast model. Mesoscale
model fields in the MM5.DAT format required by CALET were developed by a contraéfor
The contractor obtained and archived RUC hourltiahanalyses from NCEP for years 2000
through 2002. Resolution of these initial analys@s 40 km. The contractor used the ARPS
Data Assimilation System (ADAS) to enhance resotutio 10 km, and converted the resultant
hourly wind fields to the MM5.DAT format recognizdryy CALMET. The domain of these
hourly wind fields is consistent with the CALMET/CRUFF domain used by NDDoH (Section
8.5.1).

In the process of model performance evaluation,NB¥oH also tested the hybrid modeling
system with the 2002 36-km MM5 data set preparethbyWRAP RMC for CMAQ modeling.
Hybrid model performance was similar using eithévi®lor RUC mesoscale data.

8.5.2.1.2 Surface Observations

Concurrent surface observations for 2002 were nbthin surface hourly abbreviated format
from the National Climatic Data Center (NCDC). ®atere obtained for 40 ASOS and manual
stations located within or near the NDDoH CALMET/RUFF domain. The ASOS/manual
observations reflect data from stations operatedthi®y National Weather Service, Federal
Aviation Administration, U.S. Air Force, and Envinment Canada. Locations of these stations
are shown in Figure 8.6.

To compensate for well-documented deficiencies BO& cloud data above 12,000 feet,
NDDoH also obtained concurrent GOES ASOS satetliteid data for all selected surface
stations. The satellite hourly observations inetlidloud amount (sky cover) and cloud height
(ceiling height) data above 12,000 feet, and wéwerefore used to supplement the ASOS
observations.

NDDoH prepared custom software to merge the ASOb satellite data. Earth Tech utility
software was then used to quality assure mergeal dad convert to the format required by
CALMET (SURF.DAT). Standard methods were appliegrovide substitutions for missing

?A\indLogics, 2004. RUC Analysis-Based CALMET Metalogical Data for the State
of North Dakota. WindLogics, Inc., St. Paul, MN18.
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Figure 8.6
CALMET Surface / Upper Air Meteorological Stations
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data?®*** The occurrence of missing data elements in thfaca observations was generally
very limited, and within the tolerances suggeste@&BA.

8.5.2.1.3  Upper-Air Observations

Upper-air observations for 2002 were obtained frN®AA’'s Earth Systems Research
Laboratories (ESRL) in Boulder, Colorado. Uppersaiunding files were downloaded from the
website www.fsl.noaa.goyin the original FSL format, which is accepted @ALMET input as
the option “NCDC CD-ROM”. Data were obtained fox sipper-air stations (NWS) located
within or near the NDDoH CALMET/CALPUFF domain. tations of these stations are also
shown in Figure 8.6.

Processing of the upper-air data for CALMET inputdlved using Earth Tech utility software,
running custom software written by NDDoH staff, amdnual editing of data files. The main
Earth Tech program quality checked the upper-ata files, output error messages to identify
problems in the data to be corrected by the usercanverted the data to the format required by
CALMET. The NDDoH custom software performed adh@l quality checks, and, combined
with manual editing of data files, corrected adufitil errors or problems in the data and filled in
for missing data when necessary. Substitutionsnfiesing data generally followed standard
EPA guidance?*?® Upper-air soundings were processed up to thensi®Cevel to accommodate
mixing heights up to 4000 meters above ground lav&apid City, South Dakota. In addition,
the main Earth Tech processing program had to k#fimo slightly (corrected) to correctly read
longitude for Glasgow, Montana.

8.5.2.1.4 Precipitation Data

Hourly precipitation data for 2002 were obtainednirNCDC in TD-3240 format. Data were
included for 93 NWS hourly recording stations lechtwithin or near the NDDoH
CALMET/CALPUFF modeling domain. Location of thestations is shown in Figure 8.7.

Earth Tech utility software was employed to quadigsure the TD-3240 data, and process it into
the format required by CALMET (PRECIP.DAT). No stitutions were made for missing data,
because CALMET substitutes internally from the mefravailable station, and the station
resolution was relatively good (Figure 8.7).

ZAtkinson, D., and R. F. Lee, 1992. ProceduresSidastituting Values for Missing
NWS Meteorological Data for Use in Regulatory Auwality Models.

24 EPA, 1987. On-Site Meteorological Program Guigafor Regulatory Modeling
Application. Office of Air Quality Planning and&tdards, Research Triangle Park, NC 27711.
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Figure 8.7
CALMET Precipitation Stations
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8.5.2.2 Geophysical Data

CALMET requires specification of terrain elevatioand parameters related to the land-use
profile, for each grid cell in the modeling domaifthe NDDoH derived terrain elevations from
United States Geological Survey (USGS) GTOPO30 data for North America central and
mountain zones. Land-use profiles were derivedthftbe USGS Global Data Set for North
America.

Using CALMET utility software, all gridded terraimnd land-use data were processed into the
single geophysical file (GEO.DAT) required by CALNME NDDoH assumed default values
relating surface roughness length, albedo, Bowt, 1soil heat flux, and leaf area index to land-
use type.

8.5.2.3 CALMET Control File Settings

CALMET control file settings used for processingay002 meteorological data for visibility
analyses are generally consistent with guidanaa fite Interagency Workgroup on Air Quality
Modeling (IWAQMY?>. To the extent applicable, the settings are etswistent with the North
Dakota alternative protocol for PSD Class | incratranalyses.

IWAQM recommendations for CALMET control file valike settings fall into two categories.
IWAQM-defined variables are those for which IWAQMopides a default value as a general
recommendation for all analyses. User-definedaldes are those where IWAQM recognizes
the input value will need to be tailored for a givapplication, and default values are therefore
not provided.

For visibility analyses, the NDDoH has establishappropriate settings for user-defined
variables, and has determined the need to adjusitad number of IWAQM-defined variables
from recommended values, as discussed below. FAMET control file user-defined settings,
as well as the IWAQM-defined settings which haverbadjusted by NDDoH, are summarized
in Table 8.4. IWAQM-defined settings adjusted bpDbH have a shaded background in the
Table.

2 EPA, 1998. IWAQM Phase 2 Summary Report and Retendations for Modeling
Long Range Transport Impacts. Publication No. EFBA/R-98-019, Office of Air Quality
Planning and Standards, Research Triangle Park NC1.

26 NDDoH, 2005. A Proposed Alternative Air Qualityodleling Protocol to Examine the
Status of Attainment of PSD Class | Increment. thi@akota Department of Health, Bismarck,
ND 58506.
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Most of the user-defined settings are intuitivéated to parameterization of the meteorological
grid used with CALMET, as previously discussed. eTiemaining user-defined variables,
(RMAX1, RMAX2, RMAX3, TERRAD, R1, R2) control thenfluence of mesoscale model data,
station observations, and terrain features in agreent of the final wind field. Settings for

these variables are based on the NDDoH alternpte®col for PSD Class | increment analyses.

NDDoH settings for IWAQM-defined variables are cstent with IWAQM recommendations,
with limited exceptions as established in the aléwe protocol for PSD Class | increment
analyses. Because the use of mesoscale meteaadlodata is now being generally
recommended for long-range modeling analyses, RIROIG variable has been changed from 0
to 14, which reflects use of MM5 format data (imstbase RUC data) as the initial guess wind
field. The ZUPWND setting has been changed forsbency with default values in recent
versions of CALMET (the IWAQM setting reflected defts for an older version of CALMET).
Based on visual feedback testing, IWAQM settingsviariables related to spatial averaging of
mixing heights, MNMDAYV and ILEVZI, were adjusted poovide averaging over a larger area.

Because the NDDoH CALMET/CALPUFF modeling domairteexds into the western part of
the upper Great Plains, maximum mixing height sg#i(ZIMAX/ZIMAXW) were increased
from 3000 to 4000 meters to be consistent with maxn mixing heights reported for this
region?’ Note that the CALMET BIAS factors have no effetten mesoscale data are used as
the initial guess wind field.

8.5.3 CALPUFF Input

Along with the CALMET-processed meteorological da@ALPUFF input requirements for
NDDoH hybrid visibility modeling include emissiorand stack data, background ozone data,
background ammonia data, receptor locations, boyndanditions, and input control file
settings. These CALPUFF input requirements areudsed here.

>’Holzworth, 1972. Mixing Heights, Wind Speeds, &utential for Urban Air Pollution
Throughout the Contiguous United States. EPA abbn No. AP-101, Office of Air
Programs.

103



Table 8.4

User-Defined and Non-IWAQM Settings

for CALMET Control File*

Variable Description Value

NSSTA No. of surface stations 40

NUSTA No. of upper-air stations 5

NPSTA No. of precipitation stations 93

IBTZ Base time zone 7

PMAP Map projection LCC

(LCC=Lambert Conformal Conic)

FEAST False easting at origin 0.0

FNORTH False northing at origin 0.0

RLATO Origin latitude of projection 44.0N

RLONO Central meridian of projection 102.0W

XLAT1 Latitude of 1st standard parallel for projection | 46.0N

XLAT?2 Latitude of 2nd standard parallel for projection | 48.5N

DATUM Datum-region for output coordinates NWS-27

NX No. of X grid cells 213

NY No. of Y grid cells 153

DGRIDM Grid spacing (km) 3.0

XORIGKM Southwest grid cell X coordinate -380

YORIGKM Southwest grid cell Y coordinate 140

NZ No. vertical layers 12

ZFACE Cell face heights (m) 0.,20.,50.,90.,140.,200
270.,370.,500.,1000.,
1700.,2500.,4200.

NOOBS No observation mode (0 = no) 0

IPROG Use MM5.DAT file as initial guess wind field 14

(14=yes)
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Variable Description Value

RMAX1 Max. radius of influence of surface observation | 100
(km)

RMAX2 Max. radius of influence of upper-air observation 200
(km)

RMAX3 Max. radius of influence over water (km) 200

TERRAD Radius of influence of terrain features (km) 10

R1 Distance from a surface observation station at | 10
which the wind observation and the first guesslfiel
are equally weighted (km)

R2 Distance from an upper-air observation station gt10
which the wind observation and the first guesglfiel
are equally weighted (km)

ISURFT Surface station number used for the surface 17
temperature for the diagnostic wind field module
(Bismarck)

IUPT Upper-air station number used to compute the | 1
domain-scale temperature lapse rate for the
diagnostic wind field module (Bismarck)

ZUPWND Bottom and top of layer through which the domg 1.,2500.
scale winds are computed (m)

MNMDAV Max. search distance (in grid cells) for spatial | 7
averaging of mixing ht. and temperature

ILEVZI Layer of winds used in upwind averaging of 3
mixing heights

ZIMAX Maximum over land mixing height (m) 4000.

ZIMAXW Maximum over water mixing height (m) 4000.

*Shaded background indicates IWAQM-defined setadgusted by NDDoH
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8.5.3.1 Emissions Inventory

The emissions inventory utilized in the NDDoH hybuiisibility modeling analysis accounted
for all SG-SO-NOx-HNO3-NO3; emission sources located within and outside ofND¥oH
CALPUFF domain. The impact of emission sourcesatied outside of the domain was
accounted for using the boundary condition featfr€ALPUFF, with WRAP CMAQ output
concentrations used to set appropriate boundargerdrations. Within the CALPUFF domain,
all SO-SO,-NOx-NO3 emissions were configured as conventional poidtarea sources.

Note that HNQ is not directly emitted by any visibility affecgrsource. However, HNQs an
important component of nitrate chemistry (both CMAQd CALPUFF), and is provided as an
output species in CMAQ. Therefore, HBl@s included as a boundary concentration for
CALPUFF boundary conditions, but it is not direclynitted by any of the visibility affecting
sources configured within the CALPUFF domain.

For SQ-SO,-NOx-NO;s sources located within the NDDoH CALPUFF domaim avithin the
North Dakota border, stack data for point souroeduding stack operating parameters ang SO
and NG emission rates, were obtained from an internaldtepent database. Point source data
were reviewed by NDDoH to confirm viability of atack parameters, and emission rates were
updated, if necessary, to reflect values repretieataf the 2000-2004 period.

For SQ and NQ point sources located within the NDDoH CALPUFF dom but outside of
North Dakota (South Dakota, Montana, Canada), th@DdH obtained appropriate stack
parameters and emission rates from governing agenepresenting these jurisdictions. Most
Montana data was obtained directly from the factiperators. Data representing the 2000-2004
period were requested. Data were reviewed by NDDRoHonfirm viability of all stack
parameters.

Note that the size threshold for configuring vikipiaffecting sources as point versus area is
generally connected to the availability of poinusme data in the National Emissions Inventory
(NEI). All point sources included in the NEI (ahacated within the NDDoH CALPUFF
domain) were configured as point sources for tiséility analysis. The exception is oil and gas
related S@ sources for which the NDDoH maintains a separatalthse. These oil and gas
related sources, though not included in the NEkkewaso configured as point sources for the
visibility analysis.

The location of larger visibility-affecting poinbsrces within the CALPUFF domain is depicted
in Figure 8.8.

All remaining SQ-SO,-NOx-NOs; sources located within the NDDoH CALPUFF domaiat b
not included in the North Dakota or adjoining jdiiion’s point source inventories, were
configured as 36-kilometer area sources using defireed grid structure in CALPUFF. The
area-source grid is illustrated in Figure 8.8. &3smun rates for the CALPUFF area source grid
were developed using WRAP CMAQ input (SMOKE outpiat) the CMAQ grid cells located
within the NDDoH CALPUFF domain. The NDDoH obtaththe SMOKE output data from
WRAP RMC. Because the location and orientatiothefCMAQ and CALPUFF grids are not

106



Figure 8.8

NDDoH Domain - Locations of Larger Point Sources ath 36-km Area Source Grid
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consistent, software was developed by NDDoH to mately apportion emissions from 36-
kilometer CMAQ grid cells to the 36-kilometer CALIFB area source grid.

Based on availability in WRAP SMOKE output, the CALUFF area source emissions inventory
included the source categories and species sungdanzTable 8.2 . Note that SMOKE output
did not include all four species (80,-NOx-NO3) for some source categories. Although
NDDoH developed a conventional point source invgntior SQ and NQ, the NDDoH
database did not include primary S&hd NQ emissions for point sources. Therefore,%6d
NOs3; emissions for the point source category were nbthfrom WRAP SMOKE output, and
these components of point source emissions werfggooed as area sources in CALPUFF.

Based on testing during the performance evaluataom on consultation with Joe Scire
(TRCY®? area sources in CALPUFF were configured for Imesdel performance, and to be
more consistent with the grid cell treatment in COLA This involved proper settings for the
CALPUFF “release height” and “initial sigma z” inpgoarameters for area sources.

Emission rates used for both point and area soueflest total actual tons per year. CALPUFF
apportions these total emissions, on a temporak,bagqually to each hour of the year. The
NDDoH tested the use of temporal profiles to vamyission rates on a seasonal, monthly, or
hourly basis, but found that such adjustments migtle difference in the hybrid model
performance evaluation (see Section 8.6.1). Famge, North Dakota electrical generating
stations (EGUs) were modeled using an annual prafilactual hourly emissions for $@nd
NOy, and results (compared to default total tons jgar ynodeling) were unchanged for most of
the metrics included in the comparison. The NDDaitfibutes this finding to the fact that the
characterization of model output used for develgpRRFs is theaverage of the 20 percent
worst or best day predictions, and this longer-tau@rage was also the focus of the performance
evaluation. Using the average of 20 percent of dhgs in a year serves to dampen out
differences attributable to shorter-term tempogalations in emissions.

To address hybrid model performance and the dewedop of RRFs, the NDDoH prepared
separate emissions inventories for base periodirduperiod, and performance evaluation
scenarios. SMOKE data used to apportion area scemussions was based on WRAP cases
BASEO2b, PLANO2d, and PRP18a for performance etialuabase period, and future period
modeling, respectively. These WRAP cases are itbescas follows.

» Case BASEO2b reflects use of year 2002 emissiotts yeiar 2002 meteorology. NDDoH
used this case for performance evaluations.

» Case PLANO2d reflects use of composite 2000-2004&x0ms with 2002 meteorology.
NDDH used this case for base period modeling tegee relative response factors.

2 TRC, 2008. Telephone consultation with Joe Stit@y 29, 2008. Joe Scire, TRC
Corporation, Lowell, MA 01854.

29 Joe Scire previously affiliated with Earth Tea.|
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» Case PRP18a (Preliminary Reasonable Progress 2&rtai® A) reflects use of projected
year 2018 emissions with 2002 meteorology. Cade1BR represents base period emissions
projected to 2018, accounting for estimates ofdffiect of BART controls, and assuming
other growth and control factors. NDDoH used ttése for future period modeling to
generate relative response factors.

To complete emission inventories for the three ringescenarios, the NDDoH developed point
source inventories (SCGand NQ) consistent with the WRAP cases. For EGUs, thentory
for performance evaluation was based on actual stomis for 2002, while the base period
inventory assumed the five-year average of 200C+28€ual emissions. The future period
inventory for EGUs included emission reductions sistent with BART controls (see Section
6.2), but remained consistent with base period €oms for non-BART facilities. The possible
addition of new EGUs was also accounted for in fimeire inventory (e.g., the potential
“Gascoyne 500" EGU was added to the future invemntor

For point sources other than EGUs (reflecting galhesmall sources), the source inventory for
performance evaluation was based on 2002 actuasemns, and the inventory for base period
and future period modeling was relatively consistanth that used for the performance

evaluation. For non-EGU point sources, little dmann the emissions inventory is expected
between base and future periods. Emissions ineseassociated with new sources will be no
greater (and likely less) than emissions decreasssciated with retiring sources.

When considering weight of evidence options inNEDoH hybrid visibility modeling analysis,
emissions inventories as described above weretadjts eliminate sources. For example, when
exercising the option to discount the impact ogiinational sources, all Canadian sources of
visibility affecting emissions (S£50,-NOx-NO3) were eliminated from the base and future
period inventories (see Section 8.6.3.1). Weightewdence assumptions are discussed in
Section 8.6.3.

In developing its emission inventories for hybridaeling using the default EPA methodology,
as well as weight of evidence options, the NDDohustéd WRAP future period emissions
(PRP18a) for N§ associated with oil and gas related sources. tdta¢ North Dakota oil and
gas NQ emissions estimated by WRAP for the future inventeas about 4.5 times higher than
the total estimate for the baseline inventory. d8iasn recent projections from the North Dakota
Department of Mineral Resources, oil and gas dgtivi 2018 is expected to be about 2 to 2.5
times higher than the 2002 lev8l. Moreover, in a subsequent telephone consultaWéRAP
representatives admitted that 2018 estimates of k&ated to oil and gas activity in North
Dakota may have been overstdted Therefore, the NDDoH applied a constant coroecto
WRAP future oil and gas NOemissions for all area sources in North Dakotahdhat total
2018 emissions are 2.5 times higher than totallin@semissions for oil and gas related NO

30 ND Department of Mineral Resources, 2008. Decerip2008 Electronic
Communication from Lynn Helms to Terry O’Clair.

31 WRAP, 2008. December 12, 2008 Telephone Commtioithetween representatives
of WRAP and NDDoH.
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The NDDoH also had concerns regarding WRAP estisnafefuture Soil (fine particulate)
emissions. Because the NDDoH is not directly modethe Soil species, this concern was
related to the RRF developed by WRAP for North Dakodlass | areas. The Soil RRFs applied
by WRAP are 1.13 for TRNP and 1.11 for LWA. Botdues imply some significant increase in
future Soil emissions (or precursors). Given rédeoreases in the practice of conservation
tillage farming in North Dakota and adjoining s&tand recent decreases in the existence of
summer fallow (retiring a portion of cultivated thfor one growing season), an increase in Soll
emissions between the baseline and 2018 seemeynkkith a decrease probable. This issue is
discussed in more detail in Section 9.5.2. The NMBDDaddressed the Soil inconsistency by
adjusting the TRNP and LWA RRFs to 1.0 to implentdet default EPA methodology, as well
as weight of evidence options. This value is pbbpatill conservative, but more in line with
current and predicted future farming practices tR&¥s developed by WRAP.

8.5.3.2 Boundary Conditions

Boundary conditions account for the additive impaictall emission sources located outside of
the CALPUFF domain. Out-of-domain source emissigerserally constitute a large component
of total predicted concentrations for sulfate arichte species.

The NDDoH is using the boundary condition featufeCALPUFF to effectively nest the
CALPUFF domain within the WRAP CMAQ domain to faizte its hybrid modeling approach.
The use of CMAQ output to set CALPUFF boundary c¢oowls has been suggested by
Escoffier-Czaja and Scite Location of the NDDoH CALPUFF domain within thWWRAP
CMAQ domain was illustrated in Figure 8.1.

To implement the feature in CALPUFF, a supplemebtaindary condition data file must be
provided as part of the CALPUFF input conditions.this file, the user provides the length and
location of boundary segments which follow the meter of the Calpuff domain. For each
segment, the concentration of each species beimtgle is provided, and an air mass depth is
assigned. Species concentrations for boundary esgignoan be updated as frequently as hourly.

For NDDoH hybrid visibility modeling, the length @oundary segments was set to match the
resolution of the CALPUFF meteorological/computasib grid, which is 3 kilometers.
Accordingly, a boundary segment was placed adjaceeach computational grid cell along the
perimeter of the domain. Boundary segment houoigcentrations for SE50,-NOx-HNO3-

NO; species were taken from CMAQ hourly output conceeiun files provided by WRAP
RMC. For each segment, concentrations from therB&MAQ grid cell containing the largest
part of the segment were utilized. A constantrass depth of 3000 meters was assumed for all
boundary segments. (Though air mass depth of 2000- meters is nominally suggested in

32 See supra note 6.
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guidance for CALPUFF boundary conditidhsthe NDDoH found the use of 3000 meters
provided better agreement with observations inggerdnce evaluations.)

Separate boundary condition files were prepareddses BASEO2b, PLAN02d, and PRP18a for
performance evaluation, baseline, and future hytmadeling, respectively.

8.5.3.3 0Ozone Background

CALPUFF utilizes background ozone values in itsnois¢ry module. The model accepts either
a single constant background ozone value, or aut ifiip of hourly ozone values commensurate
with the period of meteorological data. The NDDabks the hourly ozone file option with
CALPUFF, and would regard this as the appropriaigiémentation for visibility modeling (this
is also the IWAQM default option). The hourly oeofile was constructed using year 2002
hourly ozone data obtained from four NDDoH monitgrisites located within the corridor of
primary plume transport between major electric gainey stations and Theodore Roosevelt
National Park (TRNP). These monitoring sites ideltHannover, Beulah, Dunn Center and
TRNP South Unit. As indicated in Section 8.5.&&onstant ozone background value (30 ppb)
is also provided in the CALPUFF control file, satlit can be substituted when the hourly value
is missing. This value represents the approxinsaeual average for North Dakota ozone
monitoring sites.

8.5.3.4 Ammonia Background

The need for ammonia background concentrations ALRUFF is also related to chemistry
processing. CALPUFF accepts either a single arvalak, or twelve monthly averages from a
single site. To achieve a more realistic seaspr@jression of sulfate and nitrate predictions,
the NDDoH used monthly average ammonia backgrowahgeg for CALPUFF hybrid visibility
modeling input (note that temporal ammonia resotuts improved to hourly in the POSTUTIL
processing step described in Section 8.5.4).

Monthly average ammonia concentrations suitablevisibility modeling in North Dakota are
provided in Table 8.5. These values were derivethfdata collected at the State’s ammonia
monitor located near Beulah. Hourly monitor datanf years 2001-2002 (data not available for
year 2000) were filtered to eliminate data from dvairections associated with sources causing a
local bias, then remaining data were processeddduse the monthly averages. The Table 8.5
values should be generally representative of backgt ammonia concentrations in western
North Dakota.

33 See supra note 6.
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Table 8.5
Monthly Ammonia Background Concentrations*

Month Value (ppb)
Jan 1.22
Feb 1.23
Mar 1.60
Apr 1.94
May 2.29
Jun 1.63
Jul 1.65
Aug 1.69
Sep 0.98
Oct 1.04
Nov 1.37
Dec 1.06

* Data reflect NDDoH Beulah monitoringesi

8.5.3.5 Receptors

Receptors for NDDoH visibility progress goal modeliare located at the TRNP and Lostwood
NWA IMPROVE monitoring sites. In its guidance foegional haze modelilg EPA
recommends including nearby receptors or grid éelsrder to provide spatial averaging of the
design concentration. Use of a spatial averageeadds possible “migration” of the predicted
peak, and some uncertainties in the formulatiothefmodel and model inputs. Therefore, the
NDDoH used a 3 by 3 receptor grid (9 receptors)cWhs centered on the IMPROVE site, at
each Class | area. Receptor spacing in the ghdkibbmeters. Receptor elevation was set to the
ground elevation of the IMPROVE monitor site for@keceptors in the grid.

Recognizing that visibility is not necessarily adgnd level” concept, the NDDoH also tested
the effect of elevated or “flag pole” receptors.sénsitivity test was conducted using a flag pole
elevation of 18 meters, which is one-half the hewftthe surface layer used in WRAP CMAQ

modeling. Results of this test showed a negligititierence compared to predictions for ground
level receptors.

34 See supra note 7.
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8.5.3.6 CALPUFF Control File Settings

CALPUFF control file settings used for NDDoH hybridsibility analyses are generally
consistent with IWAQM guidand® To the extent applicable, the settings are atswsistent
with the North Dakota alternative protocol for PSIss | increment analysés

IWAQM recommendations for CALPUFF control file gsegs fall into two categories.
IWAQM-defined variables are those for which IWAQMopides a default value as a general
recommendation for all analyses. User-definedaldes are those where IWAQM recognizes
the input value will need to be tailored for a givapplication, and default values are therefore
not provided.

For visibility analyses, the NDDoH has establishappropriate settings for user-defined
variables, and has determined the need to adjusitad number of IWAQM-defined variables
from recommended values, as discussed below. TAEPGOFF control file user-defined
settings, as well as the IWAQM-defined settings amhhave been adjusted by NDDoH, are
summarized in Table 8.6. [IWAQM-defined settingguatkd by NDDoH have a shaded
background in the table.

Most of the user-defined settings are intuitiveyoining variables related to defining the
meteorological/computational grid, variables redate the Lambert map projection, and the use
of default values for dry and wet deposition par@meation. The variable IRESPLIT was set
such that puffs are eligible for splitting on aryuh of the day.

NDDoH settings for IWAQM-defined variables are edlent to IWAQM recommendations,
with exception of settings for a limited numbervairiables related to puff splitting, dispersion,
and mixing height. Variable MSPLIT was set to @lpuff splitting, as this option is generally
recommended when modeling source-receptor distanfe200 km or more. Based on
performance testing of the CALPUFF model for PSBsSII increment modelifg the NDDoH
used adjusted settings for dispersion-related bsaMDISP and MPDF, and for variables
IVEG and ROLDMAX, as these adjustments provideddsemodel performance. NDDoH
settings for MDISP and MPDF, reflecting the use rafcrometeorological variables in
calculating dispersion, are also more consisterth wispersion treatment in the local-scale
model AERMOD®. Values for background ozone and ammonia (va&BICKO3 and

% See supra note 20
%6 See supra note 21.
37 See supra note 21.
3 EPA, 2004. User's Guide for the AMS/EPA Regulgptbtodel — AERMOD.

Publication No. EPA-454/B-03-001, Office of Air Qity Planning and Standards, Research
Triangle Park, NC 27701.
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Table 8.6

User-Defined and Non-IWAQM Settings

for CALPUFF Control File*

A

Variable Description Value

IBTZ Base time zone 7

NSPEC Number of chemical species 5

NSE Number of chemical species emitted 4

MSPLIT Allow puff splitting (1=yes) 1

MDISP Method used to compute dispersion coefficien{ 2

MPDF PDF used for dispersion under convective 1
conditions (1=yes)

PMAP Map projection LCC
(LCC=Lambert Conformal Conic)

FEAST False easting at origin 0.0

FNORTH False northing at origin 0.0

RLATO Origin latitude of projection 44.0N

RLONO Central meridian of projection 102.0W

XLAT1 Latitude of 1st standard parallel for projection | 46.0N

XLAT2 Latitude of 2nd standard parallel for projection| 48.5N

DATUM Datum-region for output coordinates NWS-27

NX No. of X grid cells 213

NY No. of Y grid cells 153

NZ No. vertical layers 12

DGRIDM Grid spacing (km) 3.0

ZFACE Cell face heights (m) 0.,20.,50.,90.,140.,20

.,270.,370.,500.,1000
1700.,2500.,4200.
XORIGKM Southwest grid cell X coordinate -380
YORIGKM Southwest grid cell Y coordinate 140
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species

Variable Description Value
IBCOMP Southwest X-index of computational grid 1

JBCOMP Southwest Y-index of computational grid 1

IECOMP Northeast X-index of computational grid 213

JECOMP Northeast Y-index of computational grid 153

Dry Gas Dep. Chemical parameters of gaseous deposition | Model defaults

Dry Part. Dep.

Chemical parameters of particulate deposition
species

Model defaults

IVEG Vegetative state in unirrigated areas (2=active| 2
and stressed vegetation)
Wet Dep. Wet deposition parameters Model defaults
BCKO3 Monthly ozone background concentration (pplg 30.0**
BCKNH3 Monthly ammonia background concentration | Table 8.5
(ppDb)
XMAXZI Maximum mixing height 4000.
IRESPLIT Hours when puff is eligible for vertical split hours 1-24
ROLDMAX Vertical puff split allowed only when the ratio o 0.33
last hour’s mixing height to max. mixing height
experienced by the puff is smaller than this val
NSPLITH Number of puffs that result when a puff is split| 5
horizontally
SYSPLITH Minimum sigma-y (grid cell units) of puff before 1.0
it may split horizontally
SHSPLITH Minimum puff elongation rate (SYSPLITH/hr) | 2.0
due to wind shear, before it may split horizontally
CNSPLITH Minimum concentration (g/fin puff before it | 1.0E-07
may split horizontally
NREC Number of discrete receptors 18

* Shaded background indicates IWAQM-defined sgtadjusted by NDDoH
**Use same value for each month.
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BCKNH3, respectively) were set to be consistenhwacal monitoring data. Maximum mixing
height (XMAXZI) was set to 4000 meters for consmtg with CALMET settings.

8.5.4 POSTUTIL Input

Because CALPUFF allows the full amount of the sjedi background concentration of
ammonia to be available to each puff for formingrate, the same ammonia may be used
multiple times, resulting in an overestimate ofratié formation. The POSTUTIL processor
provides repartitioning of total nitrate at theceptor location to adjust for over-counting of
ammonia in the CALPUFF chemistry. This repartitimnin POSTUTIL is commonly referred
to as the ammonia limiting methiid The repartitioning process in POSTUTIL generaes
modified hourly concentration file in the same fatmas the input CALPUFF hourly
concentration file. Species HN@nd NQ, only, are modified in the repartitioning process.
Concentrations for all other species remain uncedng

To implement the ammonia limiting method, POSTUTRquires an input control file, the
hourly concentration output file from CALPUFF, afaptionally) an hourly file of ammonia
background concentrations. Among other intuitivpuit assignments (file names and carryover
of settings from CALPUFF), the POSTUTIL input caitfile specifies the setting for the
MNITRATE parameter, which is related to the metlodchitrate repartitioning. The control file
also provides the source and temporal resolutiorafomonia background concentrations to be
used in nitrate repartitioning. POSTUTIL provides the use of annual, monthly, or hourly
ammonia background concentrations from a singke sBy allowing use of hourly ammonia
background, POSTUTIL improves on the maximum terapagsolution available in CALPUFF
(monthly).

The POSTUTIL processor also accommodates the 3asteponia limiting method, which is
used to determine the contribution of a subgrougoofces (from the complete source inventory)
to total nitrate formation. Effectively, the 34stenethod allows consideration of the effect of
excluded sources on the model chemistry (e.g.,uded sources still “use up” some of the
available ammonia). The MNITRATE parameter is usedontrol processing for each step of
the 3-step sequence. The 3-step ammonia limitiathod requires three separate executions of
POSTUTIL. Input/output for the 3 steps, along wdppropriate MNITRATE settings, is
outlined in Table 8.7.

3 Escoffier-Czaja, C., and J. Scire, 2002. The &fef Ammonia Limitation on Nitrate
Aerosol Formation and Visibility Impacts in Clas8reas. Earth Tech, Inc., Extended Abstract.
12" Joint Conference on the Applications of Air PabatMeteorology with the Air and Waste
Management Association, American Meteorologicali&gcJ5.13.
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Table 8.7
3-Step Ammonia Limiting Method

Step MNITRATE Description
Setting
1 1 Using CALPUFF hourly concentration file for entseurce

inventory as input, repartitioning is performed dxasn
entire source inventory. Modified hourly concetitra file
is created (affects HN{&nd NQ species).

2 0 Using Step 1 modified hourly file as input, new cps
names are assigned to HpEdd NQ (HNO3ALL and

NO3ALL). Hourly concentration file containing only
renamed species is created.

3 2 Using both CALPUFF new hourly concentration file fo
source group (subset of entire source invento§tap 1)
and Step 2 hourly concentration output file (HNO3Adnd
NO3ALL species representing entire source inventory
repartitioning is performed based on the sourcegro
contribution to the entire source inventory. Mastif hourly
concentration file is created (affects Hh&Dd NQ species).

The NDDoH utilized POSTUTIL and the ammonia limgiimethod in its hybrid modeling
analysis. The NDDoH developed an hourly ammonik@paound concentration file to use with
POSTUTIL repartitioning. To create the hourly filgbserved hourly ammonia concentrations
were obtained from the State’s Beulah monitoring @he only ammonia site in North Dakota)
for the three-year period 2001-2003. Hourly datathe three years were filtered to eliminate
data from wind directions associated with sourcassing a local bias. Then the three years
were averaged together, on a temporally considbasis, to produce a single hourly file
considered representative of 2002, and appropfateuse with 2002 meteorological data
modeling. Years 2001 and 2003 were incorporate@himveraging scheme because year 2002
contained missing periods of hourly data, and saduitional data were lost due to filtering as
described above. Finally, smoothing was applietthéoresultant hourly data set, in the form of a
24-hour running average, to dampen the effectsafatitinuities in the ammonia data.

The resultant background hourly ammonia file wasetg during the performance evaluation of
the hybrid modeling system (Section 8.6.1). Wilille adjusted Beulah data provided good
modeled comparisons with TRNP observed nitrate, tN&A nitrate observations were

consistently under predicted. The NDDoH found #greement with LWA nitrate observations
was significantly improved if hourly values in tlmnmonia file are approximately doubled.
Moreover, the NDDoH found empirical evidence (dssed below) that ammonia levels in the
vicinity of LWA would be typically higher than ammi levels at TRNP. Therefore, the
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NDDoH applied the original hourly ammonia file (afe)p for all POSTUTIL processing
associated with TRNP, and doubled the hourly amenpnofile for all POSTUTIL processing
associated with LWA.

In addition to performance evaluation results, e¢hisr empirical support for the assumption of
higher ammonia background at LWA than at TRNP aml&. Figure 8.9 provides an
illustration of ammonia emissions density (tonshgguare mile) for North Dakota counties and
adjoining Canadian provinces. These data wereirdatafrom the WRAP RMC 2004/2005
reporf®, and represent ammonia input conditions for CMAQdeling. As shown in the figure,
the TRNP and LWA IMPROVE sites, and the Beulah rtarimg site, are all located in counties
with the lowest ammonia emissions density (0.0@®D.tons/year/square mile). However, the
proximity of the LWA site is such that prevailingcal winds (northwest and southeast wind
direction) will likely direct higher density ammaniemissions from Saskatchewan (0.075-0.25
tons/year/square mile) and Ward county (0.005-0.@25/year/square mile) toward the LWA
site.

For comparing predicted visibility progress withspect to the default (EPA) glide path, the
NDDoH applied the basic ammonia limiting methodeganted as Step 1 in Table 8.7. In order
to determine progress in the context of weightvoflence arguments, such as discounting the
effect of Canadian emissions, it was necessarypplyathe 3-step ammonia limiting method
(Section 8.6.3).

POSTUTIL output was subsequently processed witiNb®oH CALHAZE program to project
future visibility (Section 8.5.5).

8.5.5 CALHAZE

The NDDoH has developed a software system to genestative response factors (RRFs) from
WRAP CMAQ and NDDoH CALPUFF (POSTUTIL) hourly comteation output files for
baseline and future scenarios, project future cainggons of visibility affecting aerosols by
applying RRFs to baseline IMPROVE data, and conypedjected future concentrations to
visibility (deciview). This system is informallynown as CALHAZE. CALHAZE represents
the final step in the NDDoH hybrid visibility mode$ sequence (CALMET-CALPUFF-
POSTUTIL-CALHAZE). Effectively, CALHAZE replacesALPOST.

CALHAZE accesses NDDoH CALPUFF (POSTUTIL) hourlyncentration files for baseline
and future scenarios to generate 20 percent wesit/day RRFs for sulfate and nitrate.
CALHAZE accesses WRAP CMAQ hourly concentratioedil(provided by WRAP RMC) for
baseline and future scenarios to generate 20 pencest/best day RRFs for all other visibility

“0 Tonnesen, G., R. Morris, Z. Adelman, et. al., 208%al Report for the Western
Regional Air Partnership (WRAP) Regional Modelingnter (RMC) for the Project Period
March 1, 2004, through February 28, 2005, Appersdi&dhrough E. Western Regional Air
Partnership, Denver, CO 80202.

118



Figure 8.9
NH3; Emissions Density for North Dakota Counties and Agining Canadian Provinces*
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*From WRAP RMC 2004 report
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affecting species. RRFs are applied to IMPROVElas monitoring (2000-2004) data files,
obtained from the WRAP TSS (Technical Support Sg¥te internet site
(http://vista.cira.colostate.edu/tgsfo project future concentrations of each vigipibffecting
species for each worst/best day for each year. t, \&XLHAZE applies the new IMPROVE
algorithm to calculate light extinction (using pFofed future concentrations) for each worst/best
day for each year. Finally, deciview is calculatedeach worst/best day, and averaged across
all worst/best days and all years. CALHAZE repehis procedure for each Class | area.
CALHAZE incorporates the default EPA methodologycticulate RRFs and future deciview
(Section 8.3).

Input files required by CALHAZE, as applied by NDBpare summarized:
1) WRAP CMAQ hourly concentration output file for bése scenario (2002),
2) WRAP CMAQ hourly concentration output file for fueuscenario (2018),

3) NDDoH CALPUFF (POSTUTIL) hourly concentration outpfile for baseline scenario
(2002 results for both TRNP and LWA receptors),

4) NDDoH CALPUFF (POSTUTIL) hourly concentration outgdile for future scenario (2018
results for both TRNP and LWA receptors),

5) IMPROVE daily baseline monitoring data for TRNP @Re2004),
6) IMPROVE daily baseline monitoring data for LWA (2BQ004).

CMAQ hourly concentrations are taken from the grédl containing the North Dakota Class |
area. Note that all additional parameters necgdsarcalculating light extinction, via the new
IMPROVE algorithm, are provided in the IMPROVE blase monitoring data files. This
includes function of relative humidity for sea satid small and large size fractions, and the
Rayleigh scattering coefficient. Consistent withRAP RMC conclusions addressing the
viability of CMAQ coarse mass predictions, CALHAZ& ces a RRF of 1.0 for the coarse mass
species. As discussed in Section 8.2, a const@Rktd® 1.0 is also applied for sea salt.

As an option, the CALHAZE system also accepts darobmput file which allows the user to set
RRF for each species, and set the visibility ta{geteciviews), for each Class | area. Use of
this feature was necessary when applying the naratain procedure described in Section 8.5.6.

The NDDoH has applied the CALHAZE software to coetplthe hybrid modeling procedure
and visibility projections for North Dakota Classaieas. To address quality assurance issues
with respect to the CALHAZE system, the NDDoH hascessfully cross-checked CALHAZE
output with data on the TSS internet site. Forngxa, the worst-day RRFs generated by
CALHAZE for elemental carbon, organic mass, finé,sand coarse mass for North Dakota
Class | areas agree exactly with the correspondahges obtained from the TSS site.
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8.5.6 Hybrid System Used to Adjust WRAP CMAQ Mdeling Results

Based on performance testing of direct hybrid mqutedictions (operational evaluation), as
conducted by NDDoH (see Section 8.6.1), the hyl@MAQ-CALPUFF modeling system
performed well in replicating observed concentragiof SQ and NQ. However, performance
regarding sensitivity to changes in N®missions (diagnostic evaluation) was not gooth e
hybrid modeling system significantly overstatinguite case nitrate formation compared to
predictions obtained by WRAP using CMAQ alone. Ni2DoH concluded this anomaly is an
artifact of the chemistry in CALPUFF, and acknovged that CMAQ chemistry is superior.

For this reason, the NDDoH chose not to acceptctihgbrid modeling system results to
independently address progress with respect tomafhaze goals. Rather, the NDDoH used the
hybrid modeling system in a supportive sense to aade to the original WRAP CMAQ
modeling results. The hybrid system was used twvige a “correction” to WRAP CMAQ
results in order to offset coarseness in the CMA&tial resolution for large, local point sources.
Similarly, the hybrid system was applied to adpRAP CMAQ results in order to discount the
effect of international (Canadian) sources. (WR®&B not provide regional haze modeling
results which discount the impact of internatiosalirces, a modeling interpretation which had
been requested by EPA and others, and which thedi¥DWanted to include in its weight of
evidence discussion.)

8.5.6.1 Adjusting WRAP CMAQ Modeling Results fo Local Point Sources

To address the concern regarding spatial resolutidhe WRAP CMAQ simulations for local
point sources, the NDDoH concluded that the hylniodeling system could be used in an
indirect manner to apply a reasonable and conckyptsample “correction” to the WRAP
CMAQ RRFs (relative response factors) for sulfatd aitrate. Given that CALPUFF has the
capability of treating point sources as well asaaseurces, all point sources within the NDDoH
CALPUFF domain can be allocated (converted) to amaces, or more specifically to a 36-km
area source grid, in order to emulate the coaesrrent of point sources in CMAQ. Then a
correction factor can be established which adjtlsgssWRAP CMAQ prediction based on the
predicted difference between point sources treaecconventional point sources and point
sources treated as area sources (i.e., CMAQ emwi)atiith the hybrid model. This adjustment
can be expressed

— — )_{HybridPt
Xnppu = Xcmag <)—( 8-1
HybridArea
where
Xnppy 1S the adjusted average concentration (sulfatetate) for 20% worst days. Note

that both WRAP and NDDoH were consistent in bag&dg worst days on IMPROVE
monitoring data (2002),
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)_(CMAQ is the average concentration for 20% worst dayaioeéd by WRAP using
CMAQ,

)_(Hybn.dpt is the average concentration for 20% worst dagdipted by the hybrid

model when point sources (within the NDDoH CALPUddmain) are treated as
conventional point sources,

)_(Hybn. aAreq 1S the average concentration for 20% worst dagslipted by the hybrid

model when point sources (within the NDDoH CALPUBBmain) are allocated as
36-km area sources.

The ratiO)_(Hybn. ape | )_(Hybn. aareq N the equation is effectively a correction fadimraddress the

coarse resolution of local point sources in CMA@aquation 8-1 can be thought of as an
emulation of the result CMAQ would have produced lthe plume-in-grid feature been
deployed for local point sources (WRAP did not dgpCMAQ plume-in-grid for regional haze
modeling). The Equation 8-1 adjustment involveglifying only the point source component of
the hybrid model emissions inventory. Boundarydibons and sources originally treated as
area sources (Section 8.5.3.1) remain equivalentHybridPt and HybridArea emissions
inventories.

Equation 8-1 is applicable for both baseline andriiperiod modeling. Recall that the RRF for
each species is defintd

RRF = (_)_(Future >

XBaseline

wherey . ... 1S the future 20% worst day average concentraiothy , ... iS the baseline
20% worst day average concentration. Thereforethdéf future period implementation of
Equation 8-1 is divided by the baseline period enpéntation of Equation 8-1, it follows that the
adjustment for CMAQ treatment of point sources lbarspecified in terms of RRF,

(8-2)

RRFyop
RRFyppy = RREMMQ<———J99215L)

RRFHybridArea

where

RRFyppy IS the adjusted relative response factor ultingatskd by NDDoH to project
future concentrations of sulfate and nitrate,

RRF¢p 49 is the relative response factor obtained by WRAIRgICMAQ,

*See supra note 7.
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RRFyypriape IS the relative response factor produced by theitlynodel when point
sources (within NDDoH CALPUFF domain) are treadsdconventional point sources,

RRFyypriaarea 1S the relative response factor produced by tHeritlymodel when point
sources (within NDDoH CALPUFF domain) are alloch#s 36-km area sources.

Thus, Equation 8-2 was used by NDDoH to implemém adjustment for WRAP CMAQ
treatment of point sources. The adjustment wdizedi for 20% best days as well as 20% worst
days, and was applied for each Class | area inhN@akota. It was applied directly to the RRFs
from WRAP CMAQ modeling (specific day optitfiy which are shown in Table 8.8.

Table 8.8
WRAP CMAQ RRF
(Specific Day Option)

TRNP TRNP LWA LWA
Worst Day Best Day Worst Day Best Day

SO 0.92 1.02 0.91 1.02
NO; 0.92 0.93 0.96 0.89
OMC 1.01 1.01 1.05 1.01
EC 0.72 0.78 0.73 0.74
Soll 1.13 1.08 1.11 0.96
CM 1.00 1.00 1.00 1.00

To develop theHybridArea CALPUFF input files, all point source emissionsrevallocated to
the CALPUFF 36-km area source grid, which is disedsin Section 8.5.3.1 and shown in
Figure 8.8. The CALPUFF “effective height” (plurheight) and “initial sigma z” area source
input parameters were used to assign point soumntes®ns to discrete vertical “layers” which
are consistent with the WRAP CMAQ layers. Effeetiveight is based on stack height plus
plume rise as calculated externally.

“2 In addition to the EPA-recommended specific dayoopfor generating RRFs, WRAP
also generated RRFs and projected future visiligtged on monthly and quarterly weighting.
The NDDoH used the specific day option exclusiveliybrid visibility modeling.
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To complete emulation of the WRAP CMAQ 36-km grés$olution, receptor treatment was also
addressed in thelybridArea input files. Effective “receptor” resolution in RAP CMAQ is
limited to the average concentration in the 36-kimfase grid cell volume containing the Class |
area IMPROVE site. To emulate WRAP CMAQ ktybridArea input files, the NDDoH
averaged across a uniform receptor grid whichdittee CALPUFF area-source 36-km grid cell
containing each IMPROVE site (Figure 8.8). Receptoere spaced at 3 km for a total of 12 x
12 or 144 discrete receptors for each Class | aNg#ie that this type of receptor averaging was
only applied in CALPUFF runs for CMAQ emulatiomdypridArea), and not in runs for
conventional point source treatmeHtybridPt) or performance evaluation.

Given that the NDDoH hybrid modeling was limited swlfate and nitrate species (and
precursors), the Equation 8.2 adjustment was atsibed to sulfate and nitrate species. The
RRFs for all other light affecting species wereetakdirectly from WRAP CMAQ modeling, as

shown in Table 8.8. Therefore, it is likely thaetcorrection for CMAQ resolution of point

sources, in terms of the total projected futurehtligextinction, is somewhat understated.
However, the primary contributors to light extimetifrom the local point sources of concern in
North Dakota are sulfate and nitrate.

The Equation 8.2 adjustment as applied by NDDold atscounted for the WRAP overestimate
of future oil and gas related NGemissions in North Dakota, as discussed in Se@iér8.1.
This error affected the future period modeling onlfrherefore, theHybridArea input file
(CMAQ emulation) for the future period included WRAstimated N emissions for oil and
gas, while theHybridPt input file for the future period included the NDBaorrected future
NOx emissions for oil and gas. (The base periodc d@issions in both cases were based on
WRAP estimates for 2002.) This accounting for YWRAP error in future oil and gas NO
emissions was not expected to make a significdfgrdnce in results.

When applying the Equation 8.2 adjustment, the NBDfound the ratioRRFyypyigp:e tO
RRFyypriaarea 10 b€ consistently less than 1.0, providing a Iltasti RRFyppy Which was
significantly lower than the WRAP CMAQ RRF, with mequently lower projected future
concentrations and greater projected visibility iayement than predicted by WRAP. This
expected response is related primarily to the wtigol of modeling systems as applied to local
point sources. When local point sources are tdeateconventional point sources, the higher
density point-source plumes cause higher predistainthe IMPROVE monitor site (for both
baseline and future periods) such that the futedeiction in emissions from local point sources
may cause a relatively large impact compared tartbee static contribution of all other sources
(area and boundary). When local point sourcescardigured as 36-km area sources, the
associated diluted plumes cause lower predictimmpared to the contribution of all other
sources (other area and boundary), such that th@efueduction in emissions may be
overwhelmed by the more static contribution of oth®urces.

8.5.6.2 Discounting the Impact of Canadian Soues

In the process of analyzing progress with respectigibility goals, it was necessary for the
NDDoH to address the impact of Canadian sourceth mafr the International border. This
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interpretation of modeling results was requestedElRA and others, and was an important
element of the NDDoH weight of evidence discusgs®e Section 8.6.3). No specific guidance
is provided for this type of analysis. The methsgd by NDDoH was to eliminate Canadian

sources from the baseline and future emissionsiovies used to develop RRFs, and to develop
a modified glide path which discounts the effecCainadian sources. This approach is similar
to methods proposed by CENRERNd others.

Again, the NDDoH implemented its procedure for distting Canadian sources in terms of an
adjustment to WRAP CMAQ modeling results. If Camadsources are eliminated from
baseline and future emissions inventories for cotiweal point sources, Equation 8-2 becomes

RRFHybridPt—C) (8 . 3)

RRFyppn = RRFcmaq (RRFHybridArea

where

RRFyypriape—c rEPresents the resultant relative response faftigr eliminating
Canadian sources from the conventional point obaseline and future emissions
inventories used with the hybrid modeling system.

Equation 8-3 was used by the NDDoH to develop @aefufRRFs for sulfate and nitrate. Note
that with the implementation of Equation 8-3, tlsgugtment to discount the impact of Canadian
sources is effectively “added on” to the adjustnfen®WRAP CMAQ point source resolution.

To complete the illustration, the impact of Canads@urces must also be discounted from the
glide path used to assess progress with respegsitality goals. In this case, the NDDoH
applied the hybrid modeling system exclusively $tireate the baseline starting point (deciview)
of the modified glide path. The estimation proces®lved adjusting the IMPROVE baseline
concentration for each worst-case day for the f¥ear period 2000-2004, in order to
approximate the daily observations without the iotpaf Canadian sources. The estimation
procedure for each worst-case day can be expressed

Xpred(us)
Xobs(us) = Xobs <M> 8-4)
pred

where

Xobs(us) 1S the estimated sulfate or nitrate concentraomne worst case day of
IMPROVE monitoring data for all non-Canadian sasr¢plus natural background),

3 CENRAP, 2007. CENRAP Policy Oversight Group (PGSummary of PM Source
Apportionment Modeling and 2018 Projection AppraashPower Point presentation, Joint
Workgroup Meeting, Kansas City, Missouri, Marcl2@07.
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Xobs 1S the original IMPROVE observed sulfate or ngrabncentration for the worst
case day,

Xpred(us) is the average prediction for 20% worst days wingsrid model is applied
for non-Canadian sources only (Year 2002 baselmissions inventory),

Xpred is the average prediction for 20% worst days wingorid model is applied for
the entire source inventory (Year 2002 baselinssons inventory).

Using the adjusted worst day observations for sulfand nitrate, along with the original
IMPROVE worst day observations for all other vistigtaffecting species, light extinction and
deciview were calculated for each 20% worst dathef2000-2004 period. Finally, the five-year
average deciview was calculated to set the stapoigt for the “Canadian sources discounted”
glide path for 20% worst days.

The NDDoH next considered the end point (2064)hef inodified glide path. When adjusting

baseline and future emissions inventories to exclbdnadian sources, the intent of NDDoH was
to eliminate the impact of non-natural sources ptégving the contribution of all other non-

Canadian sources plus natural sources. Thereforeadjustment was made to CALPUFF
boundary conditions (baseline and future) to elaténthe contribution of Canadian source
emissions, while retaining the impact of naturah&ian sources of sulfate and nitrate. This
adjustment is described in Section 8.6.3.1. Armhlighat the NDDoH adjustment does not
affect the impact of all other visibility-affectingpecies on the glide path. As such, the NDDoH
concluded that it was not necessary or approptiatehange the end point (default natural
conditions) of the modified glide path.

A modified glide path is illustrated in Figure 8,I0r a hypothetical case where Canadian source
emissions contribute about one-half of total vigjpdegradation.

Using the modified glide path, the NDDoH applied BRyenerated using Equation 8-3 to the
adjusted starting point to estimate visibility immpement progress by 2018 (see Section 8.6.3.1).
As expected, visibility improvement increased digantly when Canadian sources were
discounted. Canadian source emissions were disadamly for 20% worst days, as the impact
of Canadian sources was not problematic in meeisigility goals for best days.
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8.6 Modeling Process and Results

The NDDoH hybrid modeling system was applied tauad)/VRAP CMAQ results, using input
conditions and procedures as described in Sectmn& performance evaluation was conducted
first to ensure that selected inputs were producuigble results relative to observed
concentrations of sulfate and nitrate. (Note tthet performance evaluation was based on
predictions taken directly from hybrid model outputher than adjusted WRAP CMAQ output
described in Section 8.5.6.) Next, the hybrid modelsystem was executed in default
production mode to determine progress with resfretiie glide path and URP target based on
default EPA methodology. Finally, the hybrid madgl system was applied to test several
weight of evidence scenarios. NDDoH hybrid resalid WRAP CMAQ results were compared
for the default EPA methodology.

8.6.1 Hybrid CMAQ-CALPUFF Performance Evaluation

The NDDoH conducted a limited operational evaluatio assess performance of the hybrid
CMAQ-CALPUFF modeling system. The focus of thelaation was to assess performance in
reproducing observed concentrations of sulfate mitrdite at IMPROVE monitoring sites in
North Dakota. These sites include the TheodoresBwalt National Park South Unit (TRNP)
and the Lostwood Wilderness Area (LWA). Alternatiinput options which might improve
performance were also explored. To the extentiegdgk, the performance evaluation followed
EPA guidance for Regional Haze modeling anafifses

An emissions inventory for the performance evabrativas developed by NDDoH. WRAP
CMAQ hourly concentration output (S&0O;-NOx-HNO3-NO3) for Case BASEO02B was used
to set hourly boundary conditions for CALPUFF. Témaissions inventory (S£NOx) for the
point source category was developed using data then"NDDoH emissions database for 2002,
and sources were configured as conventional paatces in CALPUFF. This inventory
included point sources located in adjacent partSafth Dakota, Montana, and Canada, which
are included in the NDDoH CALPUFF domain (see Fég8r5). This inventory also included
SO, emissions associated with oil and gas productamilifies (treaters and flares) in North
Dakota, which did not appear to be accounted fothemn WRAP inventory for BASE02B.
Emission rates for the point source inventory ctfectual emissions for Year 2002.

All other source categories (see Table 8.2) wezatéd as area sources in CALPUFF, and the
emissions inventory (SE&50,-NOx-NO3) for these categories was based on WRAP CMAQ
input (SMOKE output) for all sources other thanrmosources. Software was prepared and
implemented to apportion the gridded SMOKE outpmissions for BASEO02B into a 36-km
area source grid structure developed for the NDB@ALPUFF domain (Figure 8.8), on a
consistent spatial basis. Emission rates forahes source inventory reflect annual averages for
the SMOKE data.

4 See supra note 7.
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The CALPUFF modeling system (CALMET-CALPUFF-POSTUITALPOST) was applied
for SG-SO-NOx-NO3; source inventories and boundary conditions asritest above. All

other input conditions were consistent with thecdpsion of the hybrid modeling system in
Section 8.5. Single receptors were placed at RBA and LWA IMPROVE sites. Monthly
average ammonia data were utilized from the Beuwtamitoring site in both CALPUFF and
POSTUTIL.

After initial application of CALPUFF for the perforance evaluation, it was concluded that
certain scientifically-defensible adjustments to LPAJFF input conditions may improve
performance for the hybrid modeling system, andikhbe investigated. Thus, the performance
evaluation evolved into a suite of tests whichdescribed below.

1) Test 1 - Calpuff executed with default input coiwdis, as outlined above. Air mass depth
for boundary conditions was set to 2000 meters.

2) Test 2 - CALPUFF as in Test 1, but using CEMS 2080arly emissions data (SONOy) for
point sources, where available.

3) Test 3 - CALPUFF as in Test 1, but using WRAP MM5 Km 2002 mesoscale data in
CALMET, rather than the default NDDoH RUC 2002 nmssade data.

4) Test 4 - CALPUFF as in Test 1, but increasing assndepth for boundary conditions from
2000 to 3000 meters.

5) Test 5 - CALPUFF as in Test 1, but with additionS®4 and NQ emissions from point
sources. (Previous tests excluded this compohecguse SPand NQ emissions are not
included in the NDDoH point source inventory. Ha&st 5, an SEONO3; emissions inventory
was derived from SMOKE gridded output for the paotrce category, and configured as
area sources for CALPUFF.)

6) Test 6 - CALPUFF as in Tests 4 and 5 (air masshdepB000 meters, SCand NQ
emissions from point sources included), but aremcss configured as 4 separate groups to
account for varying release heights of differenirse types, and Beulah hourly profile used
for background NKlin POSTUTIL. (Area sources were configured asngle CALPUFF
group in previous tests.)

7) Test 7 - CALPUFF as in Test 6, but Beulah hourlysykbfile doubled for LWA.

Results of the performance evaluation are sumntrireTables 8.9 and 8.10. Table 8.9
compares predicted N@nd SQ concentrations to observed concentrations for NMPROVE
sites, while Table 8.10 provides predicted-to-obsérratios. Note that both tables include a
column labeled “CMAQ only”, which provides the arigl WRAP CMAQ results for Case
BASEOQ2B.
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Table 8.9

Hybrid CMAQ-CALPUFF Performance Evaluation
Observed and Predicted Concentrations Year 2002 (Un°)

Obsened Hybrid CMAQ-CALPUFF Predicted* CMAQ
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 only
TRSU NO3
98th Percentile Day 2.03 2.11 2.11 2.20 1.96 2.11 2.06 2.06 3.21
90th Percentile Day 1.21 1.50 1.46 1.55 1.43 1.47 1.21 1.21 1.62
Awg 20% Worst Days 1.42 1.59 1.59 1.65 1.56 1.59 1.41 1.41 1.84
Annual Average 0.50 0.71 0.71 0.73 0.70 0.71 0.53 0.53 0.57
TRSU SO4
98th Percentile Day 3.29 2.57 2.57 2.47 2.53 2.57 2.58 2.58 2.36
90th Percentile Day 1.88 1.72 1.72 1.66 1.77 1.72 1.79 1.79 1.60
Awg 20% Worst Days 2.43 1.96 1.97 1.83 1.96 1.98 1.99 1.99 1.76
Annual Average 1.03 0.90 0.90 0.86 0.90 0.91 0.91 0.91 0.84
Lostwood NO3
98th Percentile Day 3.65 1.91 1.91 2.01 1.94 1.85 2.15 2.74 3.64
90th Percentile Day 1.95 1.48 1.50 1.56 1.47 1.44 1.13 1.76 2.04
Awg 20% Worst Days 2.33 1.55 1.55 1.61 1.52 1.50 1.30 2.03 2.34
Annual Average 0.79 0.70 0.70 0.73 0.69 0.67 0.47 0.80 0.79
Lostwood SO4
98th Percentile Day 3.10 291 2.90 2.74 2.88 3.11 3.12 3.12 3.65
90th Percentile Day 2.22 2.06 2.03 1.90 2.07 2.19 2.21 2.21 2.43
Awg 20% Worst Days 2.49 2.21 2.21 2.09 2.22 2.35 2.36 2.36 2.74
Annual Average 1.18 1.07 1.07 1.03 1.08 1.15 1.17 1.17 1.32

* Test 1 - Calpuff run with default BART screening protocol + full emissions inventory + boundary conditions
Test 2 - Calpuff as in Test 1 but using CEMS hrly emissions (SO2, NOX) where available

Test 3 - Calpuff as in Test 1 but using WRAP MM5 12km mesoscale data (in CALMET)
Test 4 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m rather than 2000 m

Test 5 - Calpuff as in Test 1 but with addition of NO3 and SO4 emissions from point sources

Test 6 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m (Test 4) and with
addition of NO3 and SO4 emissions from point sources (Test 5). Area sources configured
as 4 groups and Beulah hourly profile used for backgound NH3.

Test 7 - Calpuff as in Test 6 but Beulah hourly NH3 profile doubled for Lostwood
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Predicted to Observed Ratios 2002

Table 8.10
Hybrid CMAQ-CALPUFF Performance Evaluation

Hybrid CMAQ-CALPUFF* CMAQ
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 only
TRSU NO3
98th Percentile Day 1.04 1.04 1.08 0.97 1.04 1.01 1.01 1.58
90th Percentile Day 1.24 1.21 1.28 1.18 1.21 1.00 1.00 1.34
Awg 20% Worst Days 1.12 1.12 1.16 1.10 1.12 0.99 0.99 1.30
Annual Average 1.42 1.42 1.46 1.40 1.42 1.06 1.06 1.14
TRSU SO4
98th Percentile Day 0.78 0.78 0.75 0.77 0.78 0.78 0.78 0.72
90th Percentile Day 0.91 0.91 0.88 0.94 0.91 0.95 0.95 0.85
Awg 20% Worst Days 0.81 0.81 0.75 0.81 0.81 0.82 0.82 0.72
Annual Average 0.87 0.87 0.83 0.87 0.88 0.88 0.88 0.82
Lostwood NO3
98th Percentile Day 0.52 0.52 0.55 0.53 0.51 0.59 0.75 1.00
90th Percentile Day 0.76 0.77 0.80 0.75 0.74 0.58 0.90 1.05
Awg 20% Worst Days 0.67 0.67 0.69 0.65 0.64 0.56 0.87 1.00
Annual Awerage 0.89 0.89 0.92 0.87 0.85 0.59 1.01 1.00
Lostwood SO4
98th Percentile Day 0.94 0.94 0.88 0.93 1.00 1.01 1.01 1.18
90th Percentile Day 0.93 0.91 0.86 0.93 0.99 1.00 1.00 1.09
Awg 20% Worst Days 0.89 0.89 0.84 0.89 0.94 0.95 0.95 1.10
Annual Awerage 0.91 0.91 0.87 0.92 0.97 0.99 0.99 1.12

* Test 1 - Calpuff run with default BART screening protocol + full emissions inventory + boundary conditions
Test 2 - Calpuff as in Test 1 but using CEMS hrly emissions (SO2, NOX) where available

Test 3 - Calpuff as in Test 1 but using WRAP MM5 12km mesoscale data (in CALMET)
Test 4 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m rather than 2000 m

Test 5 - Calpuff as in Test 1 but with addition of NO3 and SO4 emissions from point sources

Test 6 - Calpuff as in Test 1 but assuming boundary air mass depth as 3000 m (Test 4) and with
addition of NO3 and SO4 emissions from point sources (Test 5). Area sources configured
as 4 groups and Beulah hourly profile used for backgound NH3.

Test 7 - Calpuff as in Test 6 but Beulah hourly NH3 profile doubled for Lostwood
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As shown in Tables 8.9 and 8.10, the primary metselected to measure performance for this
evaluation are 90 percentile day concentration (24-hour averagedrage of 20% worst days
concentration, and annual average concentratiome flrst two metrics were selected for
consistency with the time scale that applies toores) haze modeling, i.e., average of the 20%
worst or 20% best days. The third metric, annwv&rage concentration, is a measure of the
model’s ability to accurately conserve total annuaks. The comparison between predicted and
observed concentrations for the first two metricanpaired in time.

Also shown in Tables 8.9 and 8.10 is thd' @@rcentile day prediction (24-hour average). This
metric was included for completeness at the reqoieEPA. The 98 percentile prediction has
relevance as the primary metric used in BART shsglerce modeling.

Results in Tables 8.9 and 8.10 indicate that thieridymodeling system performed well, in

general. Even for the initial Test 1, predictiavere well within a factor of two of observations.

In most cases, the hybrid system predictions wkrgec to observations than predictions from
CMAQ, alone. Table 8.10 illustrates that the hglmystem slightly over-predicted observations
for TRNP NQ, and slightly under-predicted, otherwise.

A comparison of results for Tests 1 through 5 ré/eary little difference in predictions. The
implication is that the input changes reflected @sts 2 through 5 did not add significant value
to the hybrid model’'s ability to accurately reproduobservations. The increased temporal
resolution obtained by using the CEMS hourly enoigsifor applicable point sources (Test 2)
provided no consistent improvement. Test 3 resutggest that the NDDoH RUC mesoscale
data is consistent with the WRAP MM5 mesoscale.dtast 4 results indicate that Calpuff is
not very sensitive to boundary air mass depth. nElie addition of point source N@nd SQ
emissions in Test 5 achieved no meaningful impramnm predictions, suggesting that sources
configured as area sources in CALPUFF may have anlymall contribution to the total
prediction.

While the operational evaluation to compare préast with observations was being conducted,
the NDDoH also undertook a preliminary diagnostialeatiorf® to assess the response of the
hybrid modeling system to changes in N@nd SQ emissions. In response to significant
reductions in both S£and NG emissions, the NDDoH found that the hybrid systesponded
reasonably well with correspondingly lower S@redictions, but seemed to overstate 3NO
predictions for the reduced emission scenario.fatit, NG; concentrations actually increased
under some assumptions, possibly an overreactiaghetmewly freed ammonia in the reduced
SO, emissions scenario (SQ@referentially scavenges ammonia in the CALPUFEnuktry).
This behavior was not as obvious in the WRAP CMA&3uits for baseline versus future
predictions.

> See supra note 7.
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To address the problematic B®@esponse, the NDDoH discussed the issue with e S
(TRCY®, a recognized CALPUFF expert in the regulatory eliogy community. Mr. Scire
indicated that TRC testing has shown that the NEBponse may improve if hourly background
ammonia is used rather than monthly average valdéso, Mr. Scire provided some insight on
configuring area sources in CALPUFF to be more isbeist with the area source treatment in
CMAQ. This involves proper settings for the CALPUFelease height” and “initial sigma z”
input parameters for area sources. The NDDoH tedlesfter incorporating Mr. Scire’s
suggestions, i.e., using hourly ammonia backgroamd reconfigured area sources. Although
the NG response improved, predicted reductions werersitlconsistent with CMAQ.

As a result of the initial diagnostic performanesting, the NDDoH concluded that the use of
hourly ammonia background concentrations is préeferéo the use of monthly averages, and
that CALPUFF inputs for area sources should be nigored. Additional operational
evaluation tests (Tests 6 and 7) were thus conductedetermine how these changes would
affect the comparison with observations. Test 6 e@ducted by first assuming a boundary air
mass depth of 3000 meters (Test 4) and accountindN©; and SQ emissions from point
sources (Test 5). Then area sources were confiagesuggested by Scire, including the use of
4 area source groups to account for varying relbasghts for different source categories (as
opposed to one group in Tests 1-5). Finally, Besicluded use of the Beulah hourly ammonia
profile in POSTUTIL.

Results of Test 6, as shown in Tables 8.9 and &tlizate significantly improved performance
with respect to TRNP N£) but worse performance for LWA NO Results for SQwere not
significantly affected. This tendency for confiig results for TRNP and LWA Nfwas also
exhibited in Tests 1 through 5, and led the NDDoHdnclude that the Beulah data may not be
representative of ammonia background for both TRMN@ LWA. Moreover, the actual
ammonia background affecting LWA may be signifitamtigher than the background affecting
TRNP.

In Test 7, the NDDoH found that observational agreet for LWA NQ can be vastly improved

if the ammonia hourly backgound values are appratéhy doubled (for LWA only). All other
conditions for Test 7, including the ammonia baokgd for TRNP, remain the same as in Test
6. NGO; predictions for Test 7 in Tables 8.9 and 8.10 nshwow good agreement with
observations at both TRNP and LWA.

Finally, the NDDoH developed time series plots @stent with Test 1 assumptions) to compare
temporal patterns of predictions with observatitorsyear 2002. In Figure 8.11, daily model
predictions for nitrate at TRNP are compared wktPROVE observations for 2002 (note that
observations are only available for every third Jdaylime series for both NDDoH hybrid
predictions and WRAP CMAQ predictions are includes shown in the figure, both modeling
systems appear to reproduce the general seasotigrnpaf nitrate observations, with
significantly lower concentrations in the summ®&hen compared with observations, the overall
magnitude of predictions for the hybrid modelingsteyn appears better, as CMAQ seems to
under predict in the summer (many daily values whoge to 0.0) and over predict otherwise.

6 See supra note 28.
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CMAQ, however, may be more effective in reproducisgme of the peak observed
concentrations (paired in time).

In summary, the NDDoH concluded that the hybrid elod) system performs effectively, and
may be used to adjust WRAP CMAQ modeling resulgirther, agreement with sulfate and
nitrate observations would be optimized using tbkkowing input conditions with the hybrid
system:

» use RUC mesoscale data for CALMET,

* use boundary air mass depth of 3000 meters,

* include SQ and NQemissions from point sources,

» configure area sources as four groups,

» use Beulah hourly background ammonia for TRNP, and

» use double Beulah hourly background ammonia for LWA

8.6.2 Results for Default EPA Methodology

8.6.2.1 Cumulative Results

The NDDoH hybrid modeling system was applied tauad)/VRAP CMAQ results, using input
conditions and procedures consistent with optimadieh performance, and described in Section
8.5. Hybrid modeling for the default EPA methodptancluded the entire emissions inventory.
NDDoH projections for 2018 visibility are comparédre with WRAP RMC projections for
2018 visibility, based on default EPA methodology.

Results of WRAP CMAQ and NDDoH hybrid visibility rdeling for the default EPA scenario
are summarized in Table 8.11. The table includebility projections for North Dakota Class |
areas for 20% worst monitored days and 20% besitared days. The table includes deciview
values for baseline conditions, natural conditicars] the 2018 uniform rate of progress (URP)
target. WRAP and NDDoH projections provided in tiable include the absolute visibility
projection in deciviews, and the percentage ofwiséility target achieved by the projection.
Note that the URP target and projected percentdgarget are not included for best days,
because the Regional Haze Rule specifies the URBttanly for worst days. The requirement
for best days is simply that the visibility project for 2018 is no higher than the baseline
monitored value.
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Table 8.11
WRAP and NDDoH Visibility Modeling Results
Uniform Rate of Progress — Default EPA Methodology

WRAP WRAP NDDoH NDDoH
20% 2000-2004 2064 2018 2018 2018 2018 2018
Class | Worst/Best Baseline Natural URP Projected Projected Projected Projected
Area Days Conditions | Conditions Target Visibility Percent of | Visibility Percent of
(dv) (dv) (dv) (dv) Target (dv) Target
Theodore | Worst 17.80 7.8 15.47 17.24 24.0 16.91 38.1
Roosevelt
National Park  gegt 7.76 3.04 | - 767 | - -7 —
Lostwood Worst 19.57 8.0 16.87 19.12 16.7 18.85 26.7
Wilderness
Area Best 8.19 292 | - 8.06 | = ----- 8.10 | = -
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Figure 8.13

LWA Uniform Rate of Progress — EPA Default Methodobgy
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As shown in Table 8.11, the NDDoH projections f@®2 worst days indicate greater progress
with respect to the 2018 goals than the WRAP ptmes, but both sets of projections fall well
short of the URP targets. The WRAP projection ttutes 24.0 percent of the visibility goal at
Theodore Roosevelt National Park (TRNP), while KigDoH projection is 37.1 percent of the
goal at that Class | area. For Lostwood Wildermaes (LWA), WRAP projects 16.7 percent of
the URP goal while the NDDoH projects that 26.3pet of the goal will be achieved.

On the 20% best monitored days, both WRAP and NDpatlictions in Table 8.11 illustrate

that 2018 visibility will be better than baselin@mnitored values for both TRNP and LWA Class
| areas. The WRAP 2018 projection of 7.67 decige@md the NDDoH 2018 projection of 7.63
deciviews compare favorably with the baseline valli@.76 deciviews for TRNP. At the LWA

Class | area, the WRAP 2018 prediction of 8.06 dewis and the NDDoH prediction of 8.10
deciviews both fall below the baseline value of9deciviews. Thus, requirements of the
Regional Haze rule for the 20% best days will hesead.

Worst-day results of WRAP and NDDoH visibility mdithg for the EPA default scenario are
graphically interpreted with respect to the uniforate of progress in Figure 8.12 and Figure
8.13 for TRNP and LWA, respectively. The “all sces” glide paths in Figures 8.12 and 8.13
originate with the monitored baseline deciview ealn 2004, and terminate with the natural
background deciview value in 2064. Using the spoiat of origination, the projected visibility
progress is plotted against the glide path in digcine.

Figures 8.12 and 8.13 illustrate how NDDoH hybricbdeling projects better visibility
improvement to 2018 than WRAP CMAQ modeling fortb@lass | areas. The figures also
illustrate how far WRAP and NDDoH projections arenfi meeting the 2018 URP targets for
20% worst day visibility.

8.6.2.2  Apportionment by Species

The contribution of individual visibility-affectingpecies to total observed and projected light
extinction for 20% worst/best days is discussed heiccording to the IMPROVE algorithm,
light affecting species include sulfate (§Onitrate (NQ), organic carbon (OMC), elemental
carbon (EC), fine soil (Soil), coarse material (Clid sea salt (SS). An additional component
of light extinction which is included in the IMPR@Valgorithm is Rayleigh scattering (Ray),
which was also addressed in the projection of autusibility.

IMPROVE speciated monitoring data for 20% worstday TRNP and LWA are summarized in

the bar charts of Figures 8.14 and 8.15, respdgtivelhe figures provide the percentage

contribution of each visibility-affecting speciess well as Rayleigh scattering, to each 20%
worst visibility day in baseline year 2004. Therstadays are identified by month and day of the
month at the bottom of the charts.

As seen in Figures 8.14 and 8.15, most of the 2@¥stwday light extinction at North Dakota

Class | areas is dominated by sulfate and nitratéributions. Rayleigh scattering is also a
significant component, but otherwise the contritdf other visibility-affecting species (OMC,
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Contribution to Extinction

Figure 8.14
IMPROVE 20% Worst Days — TRNP 2004
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Table 8.12
Summary of WRAP CMAQ Visibility Projections
for Worst 20% Days at TRNP

Class | Area Visibility Summary: Theodore Roosevelt NP, ND
Visibility Conditions: Worst 20% Days
RRF Calculation Method: Specific Days (EPA)
Emissions Scenarios2000-04 Baseline (plan02d) & 2018 PRH
(prpl8a)
Monitored Estimated Projected
Baseline t
2018
Baseline t Change Irf
2018 Baselinet{ 2018 | Anthropo
Uniform | 2018 2018 |Change Il genic
2000-04 | 2064 Rate of | Projected| Change 1] Upwind | Upwind
Baseline| Natural | Progress| Visibility | Statewidd Weighted] Weighted
ConditiondConditiond Target |Conditiond Emissiong Emission$|Emission$
(Mm-1) (Mm-1) M m-1)1 (Mm-1) | (tons /% (%) (%)
-97,376
Sulfate 17.53 1 12.23 15.94] -57% -21%|  -21%
-37,211
Nitrate 13.74 1.04 9.85 12.5 -16% 27% 36%
Organic -1,692
Carbon 10.82 3.92 8.95 10.94 -19% -3% -8%
Elemental -2,451
Carbon 2.75 0.32 2.13 1.98 -51% -28% -449%
1,212
Fine Soil 0.9 0.97 0.91 1.02 2% 5% 10%
Coarse 12,744
Material | 4.82 3.66 4.54 Not 4% 4% 13%
Sea Satt| 007 0.24 0.11 |Applicable
Total Light
BExtinction 61.62 22.14 48.41 58.26
Deciview 17.8 7.8 15.47 17.24 Not Applicable
WRAP TS!
1) 2018 Uniform Rate of Progress Target for B2 Days is not defined.
2) Results based on Weighted Emissions Potemtay sis using the 2000-04 Baseline (plan02d) &
2018 PRP (prp18a) emissions scenarios.
3) Visibility projections not available due to de performance issues.
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Table 8.13

TRNP

Summary of WRAP CMAQ Visibility Projections for Best 20% Days at

Class | Area Visibility Summary: Theodore Roosevelt NP, ND

Visibility Conditions: Best 20% Days

RRF Calculation Method: Specific Days (EPA)
Emissions Scenarios2000-04 Baseline (plan02d) & 2018 PRH

(prp18a)
Monitored Estimated Projected
Baseline t
2018
Baseline t Change Irf
2018 Baselinet{ 2018 | Anthropo
Uniform | 2018 2018 |Changell genic
2000-04 2064 Rate of | Projected| Change 1] Upwind | Upwind
Baseline| Natural | Progress| Visibility | Statewidd Weighted] Weighted
ConditiondConditiond Target |Conditiond Emissiong Emission$| Emission$
(Mm-1) (Mm-1) M m-1)l (Mm-1) | (tons /% (%) (%)
Not -97,376
Sulfate 3.82 0.44 |Applicabld 3.88 -57% -9% -9%
Not -37,211
Nitrate 1.52 0.31 |Applicablé 1.41 -16% 37% 49%
Organic Not -1,692
Carbon 1.98 0.74 |Applicablg 1.99 -19% -4% -8%
Elemental Not -2,451
Carbon 0.93 0.1 Applicabld 0.73 -51% -28% -42%
Not 1,212
Fine Soil 0.4 0.21 |Applicabled 0.43 3% 6% 13%
Coarse Not 12,744
Materiaf |  2.19 0.72 |Applicabld 6% 6% 18%
Not Not
Sea Sait 0.03 0.03 |Applicablg Applicable
Total Light Not
Extinction 21.86 13.57 |Applicablg 21.67
Not
Deciview 7.76 3.04 |Applicablg 7.67 Not Applicable
WRAP TS!
1) 2018 Uniform Rate of Progress Target for B2 Days is not defined.
2) Results based on Weighted Emissions Potemta@y sis using the 2000-04 Baseline (plan02d) &
2018 PRP (prp18a) emissions scenarios.
3) Visibility projections not available due to de performance issues.
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Table 8.14
Summary of WRAP CMAQ Visibility Projections
for Worst 20% Days at LWA

Class | Area Visibility Summary: Lostwood NWRW, ND

Visibility Conditions: Worst 20% Days

RRF Calculation Method: Specific Days (EPA)
Emissions Scenarios2000-04 Baseline (plan02d) & 2018 PRH

(prpl8a)
Monitored Estimated Projected
Baseline t
2018
Baseline t§ Change In
2018 Baselnet{ 2018 | Anthropo
Uniform | 2018 2018 |Change il genic
2000-04 2064 Rate of | Projected| Change 1] Upwind | Upwind
Baseline| Natural | Progress| Visibility | Statewidd Weighted] Weighted
ConditiondConditiond Target |Conditiond Emissiong Emission$| Emission$
Mm) | (Mm1) | (vme) | (Mme1) | tons 1 % (%) (%)
-97,376
Sulfate 21.4 1.05 14.61 19.21 -57% -9% -9%
-37,211
Nitrate 22.94 1.1 15.56 21.94 -16% -16% -19%
Organic -1,692
Carbon 11.05 3.79 9.07 11.68 -19% -7% -11%
Elemental -2,451
Carbon 2.84 0.36 2.21 2.07 -51% -32%0, -40%
1,212
Fine Soil 0.62 0.95 0.7 0.69 2% -14% -19%
Coarse 12,744
Material | 3.93 3.74 3.89 Not 4% -3% -5%
SeaSait| 0.26 0.52 0.32 |Applicable
Total Light
Extinction 74.05 22.52 55.93 70.78
Deciview 19.57 8 16.87 19.12 Not Applicable
WRAP TS!
1) 2018 Uniform Rate of Progress Target for B28% Days is not defined.
2) Results based on Weighted Emissions Potemta@y sis using the 2000-04 Baseline (plan02d) &
2018 PRP (prp18a) emissions scenarios.
3) Visibility projections not available due to de performance issues.
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Table 8.15
Summary of WRAP CMAQ Visibility Projections
for Best 20% Days at LWA

Class | Area Visibility Summary: Lostwood NWRW, ND

Visibility Conditions: Best 20% Days

RRF Calculation Method: Specific Days (EPA)
Emissions Scenarios2000-04 Baseline (plan02d) & 2018 PRH

(prp18a)
Monitored Estimated Projected
Baseline t
2018
Baseline t Change Irf
2018 Baselinet{ 2018 | Anthropo
Uniform | 2018 2018 |Change il genic
2000-04 2064 Rate of | Projected| Change 1] Upwind | Upwind
Baseline| Natural | Progress| Visibility | Statewidd Weighted] Weighted
ConditiondConditiond Target |Conditiond Emissiong Emission$| Emission$
(Mm-1) (Mm-1) M m-1)l (Mm-1) | (tons /% (%) (%)
Not -97,376
Sulfate 4.39 0.42 |Applicabld 4.47 -57% -1% -1%
Not -37,211
Nitrate 1.86 0.34 |Applicablg 1.65 -16% -16% -19%
Organic Not -1,692
Carbon 2.26 0.66 |Applicable 2.27 -19% -8% -12%
Elemental Not -2,451
Carbon 0.71 0.1 Applicablg 0.52 -51% -31% -38%
Not 1,212
Fine Soil 0.34 0.22 |Applicabld 0.33 3% -20% -25%
Coarse Not 12,744
Materiaf |  2.31 0.63 |Applicabld 6% -6% -10%
Not Not
Sea Sait 0.03 0.03 |Applicablg Applicable
Total Light Not
Extinction 22.89 13.4 |Applicablg 22.58
Not
Deciview 8.19 2.92 |Applicablg 8.06 Not Applicable
WRAP TS!
1) 2018 Uniform Rate of Progress Target for B2 Days is not defined.
2) Results based on Weighted Emissions Potemt@y sis using the 2000-04 Baseline (plan02d) &
2018 PRP (prp18a) emissions scenarios.
3) Visibility projections not available due to de performance issues.
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EC, Soil, CC, and SS) is generally very small. Exeeption is worst days in late July and
August, where organic carbon replaces sulfate atten as the dominate contributor to
extinction. This pattern was similar in other yeeaf IMPROVE baseline data (2000-2003). A
possible explanation is that fugitives associateith \&gricultural burning, prescribed burning
within Class | areas, and wild fires may be th@éat contributors to light extinction during late
July and August, while emissions from conventiohaige point sources are the largest
contributors during the remainder of the year.

WRAP CMAQ modeling results for the default EPA nuwthblogy were used to review the
contribution of individual visibility-affecting smpées to projected light extinction for 20%
worst/best days (NDDoH hybrid modeling did not udg all species). Summaries of WRAP
CMAQ modeling results including 2018 projections ifadividual species are provided in Tables
8.12 through 8.15. Tables 8.12 and 8.13 provideigped summaries (averages) of 20% worst
and best days, respectively, for TRNP. Tables &1dd 8.15 address speciated summaries of
20% worst and best days, respectively, for LWA.e Tables include light extinction values for
baseline conditions, natural conditions, 2018 unifeate of progress target, and 2018 projected
visibility conditions for each visibility-affectingpecies. Values for total light extinction and
deciview are provided as well (note these valuescansistent with results in Table 8.11). Note
that 2018 projected values are not provided for &M SS species, due to model performance
issues. For these species, WRAP (and NDDoH) as$waneRRF of 1.0, and set the 2018
projection equal to the monitored baseline value.

In reviewing the 20% worst day summaries for TRNRI 4 WA in Tables 8.12 and 8.14,
respectively, sulfate and nitrate are found toHeelargest contributors to light extinction. This
is true for both baseline monitored conditions dod future (2018) projected conditions.
Because of its dominance in the late summer mormttggnic carbon is also a major overall
contributor to 20% worst day light extinction footh baseline monitored and future projected
conditions. As discussed previously, WRAP modetesults for 20% worst days (summarized
in Tables 8.12 and 8.14) indicate the total ligktirection URP target will not be achieved at
either TRNP or LWA. Further, results for individuspecies indicate the URP species-specific
target will be met only for elemental carbon and salt.

The 20% best day summaries for TRNP and LWA areorteg in Tables 8.13 and 8.15,

respectively. With exception of sea salt, all spe@ppear to be significant contributors to light
extinction on 20% best days. Sulfate is the largestributor at both TRNP and LWA. As

shown in the tables, the 2018 projected light etiim is lower than the baseline light extinction
for both Class | areas. Thus, Regional Haze Retpiirements for 20% best days will be
satisfied at TRNP and LWA for the first planningipe.

Note that the WRAP projected emissions values foate (NCG) in Tables 8.12 through 8.15

are not consistent with the levels used by NDDoHyibrid modeling. The NDDoH adjusted the
WRAP NOx emissions associated with oil and gas activityescribed in Section 8.5.3.1.
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8.6.2.3 Apportionment by Source Group

As established in Section 8.6.2.2, sulfate andat@tare the primary contributors to 20% worst
day visibility in North Dakota Class | areas. i& hybrid modeling analysis, the NDDoH tracked
the contribution of source groups to the total pted sulfate and nitrate concentration for 20%
worst days, in order to enhance the interpretabbrmodeling results. Contributions are
available for the following source groups:

» North Dakota electrical generating units (EGU),

» all other point sources within the CALPUFF domain,

» all sources modeled as area sources within the CHEPdomain,
* North Dakota oil and gas related sources (0&G), and

* boundary conditions representing the impact obaillrces located outside of the CALPUFF
domain.

Focus is on the ND EGU and boundary condition gsocause of their relatively small and
large contributions, respectively. O&G contribuisoare available for sulfate, only.

Contributions of the above source groups to 20%stvday average predictions, based on
NDDoH hybrid modeling, are illustrated in Figured® through 8.19. Predictions for the base
period (2000-2004) are compared with predictionstfe future period (2018) in the figures.
Contributions for sulfate at TRNP are compared igufe 8.16. Figure 8.17 provides
contributions for sulfate at LWA. Source group tridoutions for nitrate at TRNP are illustrated
in Figure 8.18. Finally, Figure 8.19 addressedrdmutions for nitrate at LWA. Source group
contributions in the figures reflect the percenttlud total average predicted concentration for
20% worst days.

As consistently shown in Figures 8.16 through 8th@, contribution of North Dakota EGUs to

total sulfate and total nitrate is relatively smathile the contribution of boundary conditions is
relatively large. This is true for both baselinedduture projections. For sulfate, boundary
conditions contributed no less than two-thirds toé total at North Dakota Class | areas. For
nitrate, the boundary condition contribution wasless than 59 percent. The contribution of
North Dakota EGUs to sulfate was no more than 2teme, and to nitrate was no more than 6
percent, at North Dakota Class | areas.

As shown in Figures 8.16 and 8.17, the reduced d¢ifpam North Dakota EGUs due to BART
controls is apparent. The projected future coatitm of North Dakota EGUs to sulfate is less
than one-half the baseline contribution for bothNFRand LWA. The difference for other
source groups is less pronounced, although an Banepould be area sources at LWA, where
the baseline contribution of 4.0 percent is redued.4 percent in 2018. In comparing future
with baseline contributions in Figures 8.16 and/8itlappears the contribution of boundary
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Figure 8.16

Hybrid Modeling Results
Source Group Contributions to 20% Worst Day SQ at TRNP (Base & Future)
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Figure 8.17
Hybrid Modeling Results
Source Group Contributions to 20% Worst Day SQ at LWA (Base & Future)
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Figure 8.18
Hybrid Modeling Results
Source Group Contributions to 20% Worst Day NG, at TRNP (Base & Future)
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Figure 8.19
Hybrid Modeling Results
Source Group Contributions to 20% Worst Day NG at LWA (Base & Future)
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conditions is increasing as the contribution of thdbakota EGUs decreases in the future (other
source groups remain relatively stable).

In Figures 8.18 and 8.19, the difference betweémrduand baseline contributions for nitrate is
less apparent than for sulfate. Percentage comtiis for nitrate remained relatively stable
from baseline to future for both Class | areas.dR#on in NG emissions due to BART
controls was less than BART reductions for SO2, thet NG reduction was still significant.
This lack of response to future BART reductionsN@x may be linked to the CALPUFF
chemistry, and the tendency observed in the pedoom evaluation (Section 8.6.1) for NO
production to overreact to newly freed ammonia ftbmlower production of SO

NDDoH hybrid modeling results were further refinedorder to extract the contribution of all
North Dakota sources to total predicted sulfate amdte concentrations for 20% worst days.
This additional source group includes all North B@kEGUSs, all North Dakota point sources
other than EGUs, and all North Dakota emissionsetestias area sources. Because the NDDoH
CALPUFF domain excludes the far eastern part otiNDlakota, some adjustments in inventory
and procedure were necessary to estimate the lootdmn of this source group.

Contributions of the North Dakota only source graoopotal sulfate and nitrate are summarized
in Table 8.16. Percentage contributions are peavidor baseline and future predicted
concentrations at both North Dakota Class | areas.shown in the table, contributions from
North Dakota sources are relatively small and casepno more than 29 percent of the total
prediction for 20% worst days. Significant redaoatiin future sulfate concentrations due to
BART controls on North Dakota EGUs is again appiren

Table 8.16
Hybrid Modeling Results
Total North Dakota Contribution to 20% Worst Days Predictions

Class | Area Baseline Percent 2018 Percent
TRNP 27.3 15.0
SO
LWA 17.6 9.7
TRNP 29.0 28.6
NO3
LWA 26.4 28.7
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The relatively small contributions of North Dakd&&Us (and North Dakota sources in general)
and the relatively large contributions of boundeoyditions to 20% worst day visibility in North
Dakota Class | areas, as observed in Figures 8rbigh 8.19, and Table 8.16, translates to
restricted options for meeting visibility progregsals. These results indicate that most of the
visibility impact on the 20% worst days in North kdéa Class | areas is due to impact from
sources located outside of the State, and beyanplitisdiction of the NDDoH. From additional
hybrid modeling, the NDDoH found that even wigH future North Dakota SO, and NOx
emissions reduced to zero, North Dakota Class | areas would not achieve2®E8 uniform rate

of progress target (see Section 8.6.3).

Weight of evidence perspectives which address @mgributions of sources located outside of
North Dakota to worst day visibility at TRNP and IAMre discussed in Section 8.6.3.

8.6.2.4  Apportionment by Source Region

Visibility modeling conducted by WRAP RMC for Norfbakota Class | areas included source-
region attribution for all western states, centtd®, eastern US, Mexico, and Canada. In
addition, WRAP also tracked the contribution of m®s located outside of the CMAQ domain
which includes the contiguous United States, soat@anada, and northern Mexico.

Results of the WRAP attribution analysis are sunimedr in the bar charts of Figures 8.20
through 8.23. These charts provide source-regiotributions to baseline (PLANO2c) predicted
concentrations of sulfate and nitrate for the 20%rsivdays. Figures 8.20 and 8.21 provide
source region contributions for sulfate and nitre¢spectively, at TRNP. Figures 8.22 and 8.23
provide the corresponding contributions at LWA. oAd with the bars labeled with familiar
abbreviations for western states, the figures ialslode contributions with the following labels:

CAN - Canada,

CEN - Central US (CENWRAP),

EUS - Eastern US,

MEX - Mexico,

PO — Pacific Offshore, and

OD - Outside WRAP US-Canada-Mexico Modeling Domain

The bar charts used in Figures 8.20 through 8.28 wbtained from the WRAP TSS web site.

Note that the values in the charts actually rel@&AP case PLANO2c, which is a predecessor
to the updated PLANO2d. The differences betweeANd2c and PLANO2d, however, are not

significant enough to affect conclusions regardhrgse charts.

In reviewing the bar charts of Figures 8.20 an@ 8iZis seen that emissions from North Dakota,
Canada, and from outside the WRAP US-Canada-Mexnomleling domain (Figure 8.1)
dominate total sulfate concentrations at North Dakolass | areas on the 20% worst visibility
days. The contribution of sources located outide NRAP domain is larger than the
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Figure 8.20
WRAP Modeling Results
Source Region Contributions to 20% Worst Day S, at TRNP (baseline
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Figure 8.21
WRAP Modeling Results
Source Region Contributions to 20% Worst Day NG at TRNP (baseline

WRAP Source RegioniType Contributions to Mitrate on Worst 20% Yisihility Days
Class | Area - Theodore Roosevelt NP, MD
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Figure 8.22
WRAP Modeling Results
Source Region Contributions to 20% Worst Day S(, at LWA (baseline)

WRAP Source Region/Type Contributions to Sulfate on Waorst 20% Visibility Days
Class | Area - Lostwoad MR, MD
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Figure 8.23
WRAP Modeling Results
Source Region Contributions to 20% Worst Day NG at LWA (baseline)

WRAP Source RegioniType Contributions to Mitrate on Worst 20% Yisihility Days
Class | Area - Lostwood MWRYWY, MD
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contribution from North Dakota sources at both €lasreas, and the contribution of Canadian
emissions is significantly larger than the conttitw from North Dakota sources at both Class |
areas.

From Figures 8.21 and 8.23, one observes a sinpi&tern of dominant source-region
contributors for 20% worst day nitrate concentragioexcept that Montana becomes a dominate
contributor in addition to North Dakota, Canadag aources located outside of the WRAP
domain. The overall dominance of Canadian emissigneven greater for nitrate than for
sulfate, and at LWA the contribution to 20% worstychitrate concentrations from Canadian
sources is more than three times the contributiom fNorth Dakota sources.

These source-region apportionment results illustiiaat most of the contributions to 20% worst
day nitrate and sulfate (species with the grea#stt on visibility impairment) at North Dakota
Class | areas come from sources located outsitteedftate. Again, these sources are beyond the
jurisdiction of the NDDoH, which poses a dilemmaemhseeking solutions for achieving
visibility goals. This issue was addressed in Wi2DoH weight of evidence interpretations
which are discussed in Section 8.6.3.

8.6.2.5 Conclusions

Visibility progress modeling was conducted by WRARd NDDoH using the default EPA
methodology. This modeling was based on prelinyinestimates of the effect of BART
controls, and other growth and control factors.si®s have been discussed in terms of general
status with respect to the uniform rate of progfes®orth Dakota Class | areas, and in terms of
apportionment by species, source group, and soagien. Based on these modeling results, the
following conclusions apply.

1) The uniform rate of progress goal for 2018 for 20 st days will not be achieved at either
TRNP or LWA. Therefore, weight of evidence arguitsewere addressed (see Section
8.6.3).

2) The Regional Haze Rule requirement for 2018 for 288t days will be achieved at both
TRNP and LWA.

3) NDDoH hybrid modeling (adjusted WRAP CMAQ) preditteetter progress with respect to
the 20% worst day uniform rate of progress goads ttlid WRAP modeling, at both TRNP
and LWA.

4) Apportionment modeling results indicate the conititin of sources located outside of North
Dakota is much greater than the contribution doftate sources to 20% worst day visibility at
TRNP and LWA (both baseline and 2018).

5) Though the addition of proposed BART controls sabsally decreases the visibility impact

of North Dakota EGUs, these EGUs comprise only allsoomponent of total 20% worst
day impact at TRNP and LWA. However, on certainrstaays when meteorology favors
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transport of North Dakota EGU emissions to TRNPLWA, proposed BART reductions
alone will significantly improve visibility.

6) Of the visibility affecting aerosols, sulfate anittaite are primary contributors to 20% worst
day visibility at North Dakota Class | areas.

7) The primary source-region contributors to 20% walay visibility at TRNP and LWA are
Canada, sources located outside of the WRAP magdbbmain, North Dakota, and Montana
(in that order).

8) When implemented as an adjustment to WRAP CMAQ niogleesults, the NDDoH hybrid
modeling approach is not critically tied to thegaeterized CALPUFF chemistry.

8.6.3 Weight of Evidence Options

WRAP and NDDoH visibility modeling based on the aldf EPA methodology and glide path
has been reviewed, with results as discussed mo8e®.6.2. Because projected 2018 visibility
did not meet uniform rate of progress goals for 2086st days in North Dakota Class | areas,
the NDDoH pursued alternative or supplemental modedpproaches, which are discussed here.
The Regional Haze Rule specifies that the Statdelmgntation Plan may be based, in part, on
evidence apart from modeling using the default ER#&hodology. For example, the analysis
could logically be modified to discount the impa€tvisibility-affecting emission sources over
which the NDDoH has no jurisdiction.

These supplemental analyses are defined in the &ulaveight of evidence” options. The
following supplemental modeling analyses were caotetll by NDDoH in the assessment of
visibility progress goals.

1) Discounted the impact of international (in this esa€anadian) source visibility-affecting
emissions on North Dakota Class | areas.

2) Discounted the impact of visibility-affecting emimss from all sources located outside of
North Dakota, on North Dakota Class | areas.

3) Used the complete emissions inventory for the defBBA method, but zeroed out future
SO, and NG emissions from all sources located in North DaKo&, assumed 100 percent
future control of all S@and NG emissions in North Dakota), to determine progresh
respect to the default glide path for North Dakolass | Areas.

4) Based 20% worst visibility days for determining RRMn baseline model results
(CALPUFF) rather than IMPROVE monitoring data. Jinay be justified because neither
CMAQ nor CALPUFF perform well on a “paired-in-timdasis. The resultant RRFs were
still applied to 20% worst days based on IMPROVEitwing to project future visibility.
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Procedures and results for these supplemental,htveigevidence analyses are discussed in
Sections 8.6.3.1 through 8.6.3.4.

8.6.3.1 Discounting the Impact of Canadian Soae Emissions

The procedure used by the NDDoH to discount theaghpf Canadian source emissions in the
projection of future visibility at North Dakota Gla | areas is consistent with the methodology
described in Section 8.5.6.2. To discount the thp& Canadian source emissions on visibility
projections, Canadian sources were removed fronbdiseline and future emissions inventories
used with the hybrid modeling system to develop RRird the URP glide path was adjusted by
subtracting the impact of Canadian emissions froenldaseline starting value. This weight of
evidence analysis was applied for 20% worst dagk;. oThe adjusted glide path is compared
with the default glide path in Figure 8.24 for TREIRd LWA.

Because the NDDoH hybrid modeling addresses S arspé¢ies only, the discounting of
Canadian source impact was limited to sulfate atrdta, only. The RRFs and projected future
contribution to light extinction of other visib#itaffecting species remained unchanged from the
default EPA methodology (i.e., included Canadiarissions). As sulfate and nitrate are the
primary contributors to light extinction at Northrakota Class | areas on the 20% worst days (see
Section 8.6.2.2), this limitation should not sigeaihtly impact conclusions based on this weight
of evidence analysis.

Note that once the glide path has been adjustedJRP 2018 target value changes along with
the baseline starting value (the adjusted glidé patminates at the same natural background
value in 2064). Therefore, it is no longer meafuhgo compare the 2018 projected progress
with the absolute deciview target from the def&MA methodology (Table 8.11). Instead, for
this weight of evidence scenario and others, 20bgress is expressed as a percentage of the
target rather than as a specific deciview value.

The NDDoH procedure used to discount the impadcariadian source emissions is outlined as
follows.

1) Canadian sources located within the NDDoH CALPUBRdin were eliminated from the
HybridPt baseline and future emissions inventories to led us Equation 8-3.

2) CALPUFF hourly boundary conditions (baseline anturfet HybridPt) were adjusted to
eliminate the contribution of Canadian (anthropogerource emissions (leaving only the
contribution of natural background) for 3-km boundaegments located in Canada (see
Figure 8.5). The fixed adjustment factor utilizegpresents the ratio of species-specific
natural background light extinction to species-ffpebaseline monitored light extinction for
the 20% worst day average, at each Class | arba.adjustment was applied to all boundary
species (S@ SQ,, NOx, HNGO;, and NQ). The SQ ratio was used for scaling $@nd SQ
species. The Nfxatio was used for scaling NCHNOs;, and NQ species.
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3) Hybrid modeling was applied to prepare a revisedegbath and 2018 target using Equation
8-4 with the revised baseline emissions inventofimes-Canadian sources only) from Steps
1 and 2, for each Class | area. The 3-step amnionitng method was applied to refine
NOjs concentrations for non-Canadian sources.

4) Hybrid modeling was applied to project future vibip using Equation 8-3 with the revised
baseline and future emissions inventories (non-@ianasources only) from Steps 1 and 2,
for each Class | area. The 3-step ammonia limitimgthod was applied to refine NO
concentrations for non-Canadian sources.

5) The projected future deciview value was compareith Wie revised glide path 2018 target
deciview value to calculate the percent of the 2@t§et achieved, at each Class | area.

Results of the weight of evidence analysis for aisting the impact of Canadian source
emissions are summarized in Table 8.17 and illtedran Figure 8.24. Uniform rate of progress
illustrations in Figure 8.24 are provided for bGtRNP and LWA Class | areas. For comparison,
the table and figure also include previous WRAP BBMDoH results for the complete emissions
inventory and default EPA methodology from Tabl&13. WRAP results for the default EPA
methodology are labeled Scenario 1 and NDDoH redalt the default EPA methodology are
labeled Scenario 2. They are compared with thghtef evidence entry which is identified as
Scenario 3. For each scenario, the table proyeéesentage progress with respect to the 2018
target.
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Table 8.17
NDDoH Visibility Modeling Results 20% Worst Days
Weight of Evidence — Discounting Canadian Emissions

Projected
Scenario Description Class | Area Percent of
2018 Targe
WRAP CMAQ TRNP 24.0
1 Default EPA Methodology
LWA 16.7
NDDoH Hybrid TRNP 38.1
2 Default EPA Methodology
LWA 26.7
NDDoH Hybrid TRNP 50.0
3 Canada Sources Discounted
LWA 40.2

As shown in Table 8.17 and Figure 8.24, progres$ls mspect to the 2018 target is significantly
improved when Canadian sources are discounted. piidjected percent of the 2018 target with
Canadian sources discounted is more than double@dhmentage obtained by WRAP for the
default EPA methodology, and about 50 percent greaain the percentage obtained by NDDoH
for the default EPA methodology, at both Classelbar Though progress is significantly
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improved under this scenario, the potential foragge improvement was limited because the
contribution of US sources located outside of tierid model domain is very large (with little
emissions reduction in the future), and the scenawuld only address the discounted impact of
SO, and NQ.

8.6.3.2 Discounting the Impact of All Sourcesdcated Outside of North Dakota

Because discounting the impact of Canadian emissilicth not provide compliance with glide
path targets, the NDDoH pursued other weight ofl@vce options. The next logical test after
discounting Canadian emissions was to discountvisibility-affecting impact of all sources
located outside of the jurisdiction of the NDDoHherefore, this new analysis discounted all
contributions to North Dakota Class | areas, ex¢epthe impact of North Dakota sources and
natural background. To discount the impacaldfsources located outside of North Dakota on
visibility projections, these sources were removeam the baseline and future emissions
inventories used with the hybrid modeling systerddgelop RRFs, and the URP glide path was
adjusted by subtracting the impact of these souroes the baseline starting value. This weight
of evidence analysis was applied for 20% worst dagl/. The adjusted glide path is compared
with the default glide path in Figure 8.25 for TRBEIRd LWA.

Since the CALPUFF domain used by the NDDoH for iy/misibility modeling excludes the
extreme eastern part of North Dakota, area emissionthe easternmost column of the area
source grid (see Figure 8.8) were adjusted upwaraictount for the impact of eastern North
Dakota sources. Specifically, WRAP CMAQ (SMOKE) issions for all grid cells located
between the eastern edge of the CALPUFF domaintlame@astern North Dakota border were
added to the easternmost column of the CALPUFF amace grid. This addition was
performed on a row by row basis. Because easterthNDakota visibility affecting sources are
relatively small and distant from TRNP and LWA dsareas, this adjustment should have
minimal impact on modeling results.

Because the NDDoH hybrid modeling addresses S asyelies only, the discounting of out-of-
state source impact was limited to sulfate andatgironly. The RRFs and projected future
contribution to light extinction of other visibjitaffecting species remained unchanged from the
default EPA methodology (i.e., included completessions inventory). As sulfate and nitrate
are the primary contributors to light extinctionNadrth Dakota Class | areas on most of the 20%
worst days (see Section 8.6.2.2), this limitatibawdd not significantly impact conclusions based
on this weight of evidence analysis.

The procedure used by NDDoH to discount the impé&il sources located outside of North
Dakota is similar to the 5-step procedure used to dist@anadian emissions, as outlined in
Section 8.6.3.1., except that variables represgniiorth Dakota sources replaced variables
representing US sources in Equations 8.3 and 8.Be procedure for discounting the impact of
all out-of-state sources is outlined below.

1) All out-of-state sources located within the NDDoAI®PUFF domain were eliminated from
the HybridPt baseline and future emissions inventories to led us Equation 8-3.
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2) As discussed above, emissions from all sourcedddcautside of CALPUFF domain, but
inside North Dakota, were added to easternmostmolof CALPUFF area source grid.

3) CALPUFF hourly boundary conditions (baseline andurie HybridPt) were scaled to
eliminate the contribution of all out-of-state soeiremissions (leaving only the contribution
of natural background) for all boundary segmer@saling was based on the inverse distance
squared weighted average of natural-to-baselin@2R€atio from seven nearby IMPROVE
monitoring locations. The ratio was obtained foe 20% worst day average $&nd NQ
natural and baseline extinction for Theodore RoeléNP, Lostwood NWA, Medicine Lake
NWA, UL Bend, Badlands NP, Wind Cave, and VoyageNR IMPROVE sites. The
average SQ@ratio was used for scaling $@nd SQ species. The average b@atio was
used for scaling Ng) HNO;s, and NQ species.

4) Hybrid modeling was applied to prepare a revisedegbath and 2018 target using Equation
8-4 with the revised baseline emissions inventdres Steps 1 and 2, for each Class | area
(equation variables for North Dakota sources regdacariables for US sources). The 3-step
ammonia limiting method was applied to determinesNOncentrations for North Dakota
sources.

5) Hybrid modeling was applied to project future vibi using Equation 8-3 with the revised
baseline and future emissions inventories from Sfepnd 2, for each Class | area (equation
variables for North Dakota sources replaced vaemlibr US sources). The 3-step ammonia
limiting method was applied to determine Nédncentrations for US sources.

6) The projected future deciview value was compareith wie revised glide path 2018 target
deciview value to calculate the percent of the 2@tget achieved, at each Class | area.

Results of the weight of evidence analysis for alisting the impact o#ll sources located
outside of North Dakota are summarized in Table 8.18 and illustrated guke 8.25. Uniform
rate of progress illustrations in Figure 8.25 am@vmled for both TRNP and LWA Class | areas.
For comparison, the table and figure also includevipus WRAP and NDDoH results for the
complete emissions inventory with default EPA mdtilogy from Table 8.11. WRAP results
for the default EPA methodology are labeled Scenarand NDDoH results for the default EPA
methodology are labeled Scenario 2. They are coedpaith the new weight of evidence entry
which is identified as Scenario 4. For each sden#re table provides percentage progress with
respect to the 2018 target.

As shown in Table 8.18 and Figure 8.25, progresis mispect to the 2018 target is significantly
improved after discounting the impact ali sources located outside of North Dakota, but
projections do not meet the revised glide pathetiarg Also, the improvement is notably better at
TRNP than at LWA. A likely explanation is that tleeation of BART sources in North Dakota,
combined with prevailing meteorology, favors vistliimprovement at TRNP compared with
improvement at LWA (i.e., when there are no oustate influences).
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Table 8.18
NDDoH Visibility Modeling Results 20% Worst Days
Weight of Evidence — Discounting All Out-of-State 8urces

Projected
Scenario Description Class | Area Percent of
2018 Targe
WRAP CMAQ TRNP 24.0
1 Default EPA Methodology
LWA 16.7
NDDoH Hybrid TRNP 38.1
2 Default EPA Methodology
LWA 26.7
NDDoH Hybrid TRNP 83.9
4 All Sources Other Than ND Discountgd
LWA 59.6

8.6.3.3 Use Default EPA Methodology with Zero dtth Dakota Future Emissions

The NDDoH next examined a “what if” scenario to sd®at would happen if all North Dakota
sources were controlled to the hypothetical maxindegree and simply emitted no $GQ,,
NOx, or NG; in the future case. The concept here was to materif the 2018 URP targets for
the default EPA methodology for 20% worst days dooé achieved even under maximum
(albeit unrealistic) control conditions for Northakbta sources. Hybrid modeling for the
baseline caseHybridPt in Equation 8-3) included the complete emissian&ntory as used for
the NDDoH EPA methodology analysis. Future casealatiog HybridPt in Equation 8-3)
included the complete emissions inventory as agie NDDoH for EPA methodology, except
that all emissions for sources located in North @akvere reset to zero. For this scenario, the
glide path remains consistent with the default ER&hodology scenario.

Procedure for this new scenario followed the defB#HA methodology, as discussed in Section
8.5. The only change was in the future case eamssnventory, where the emission rates for all
North Dakota point and area sources were reseadrtm 2\Note that because extreme eastern North
Dakota is not included in the NDDoH CALPUFF domairwas not possible to model the effect
of zero future emissions from that part of the estatHowever, because visibility-affecting
sources in extreme eastern North Dakota are relgtsmall and distant from the Class | areas
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Figure 8.25
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which are both located in the western part of ttaes this limitation should not detract from
conclusions established regarding the analysis.

Results of the weight of evidence analysis invalvizero future emissions for North Dakota
visibility affecting sources are summarized in Tald.19. For comparison, the table also
includes previous WRAP and NDDoH results for thenptete emissions inventory with default
EPA methodology from Table 8.11. WRAP resultstfer default EPA methodology are labeled
Scenario 1 and NDDoH results for the default EPAhméology are labeled Scenario 2. They
are compared with the new weight of evidence ewtrich is identified as Scenario 5. For each
scenario, the table provides percentage progrebs@spect to the 2018 target.

As illustrated in Table 8.19, even with all futudorth Dakota S@ SQ, NOx, and NQ
emissions set to zero, the URP 20% worst day tafiget?2018 are not achieved at North Dakota
Class | areas. This result is consistent withieadonclusions in this report that most of the
visibility affecting impact on TRNP and LWA is cong from sources located outside of North
Dakota. The implication of this weight of evidertest is that compliance with 20% worst day
URP targets at North Dakota Class | areas cannaicheved without significant additional
emissions reductions from visibility affecting soes located outside of North Dakota.

Table 8.19
NDDoH Visibility Modeling Results 20% Worst Days
Weight of Evidence — Zero Future North Dakota Emis®ns

Projected
Scenario Description Class | Area Percent of
2018 Targe
WRAP CMAQ TRNP 24.0
1 Default EPA Methodology
LWA 16.7
NDDoH Hybrid TRNP 38.1
2 Default EPA Methodology
LWA 26.7
NDDoH Hybrid TRNP 83.8
5 Base Emissions Inv = Default
Future Emissions Inv = All ND LWA 72.6
S and N Emissions set to zero
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As indicated previously, the NDDoH CALPUFF visibji modeling was limited to the
contribution of S@, SQ,, NOx, and NQ species, only. Even if the effect of zeroing allibther
visibility affecting species could have been acdedror, it is unlikely that 2018 URP targets for
North Dakota Class | areas could have been achieveédr this weight of evidence scenario.

8.6.3.4 Base 20% Worst Days on Modeling Resufather than IMPROVE
Monitoring Data

Though both models perform well when predicting mmaxn concentrations over a period of

time, CMAQ and CALPUFF are less reliable when peniance tests are based on predictions
paired with concurrent observations. But the rgeof the Regional Haze Rule on the 20%
worst/best monitored days to track visibility pregs implies that the modeling system must
demonstrate some skill on a temporal basis. Toresddpossible temporal performance
limitations in the NDDoH hybrid modeling systemsiility projection results based on the 20%

worst monitored days were compared with resultedas the 20% worst modeled days for the
baseline case. The following procedure was usedet@lop results based on worst modeled
days.

1) The hybrid modeling system was executed for theelbes case, using the emissions
inventory for the default EPA methodology, and ¢éiéire year of 2002 meteorological data.

2) Daily modeling results for the baseline case warked in order to determine the 20% worst
days (73 days) for visibility at both Class | aréBRNP and LWA).

3) The hybrid modeling system was executed for tharéu{2018) case, using the emissions
inventory for the default EPA methodology, and 2@% worst days determined for the
baseline case in Step 2.

4) Relative response factors (RRFs) were developed the modeling results for baseline and
future cases in Steps 1 and 3, respectively.

5) RRFs were applied to IMPROVE baseline monitoringadar original 20% worst days to
project future visibility.

This procedure provided deciview improvement priois which were very similar to the
original improvement predictions obtained througbdeling the 20% worst IMPROVE days.
Typical differences were less than five percenthef original predicted values at both Class |
areas. Therefore, the NDDoH did not pursue thizr@gch for any of the visibility modeling
documented in this report (i.e., all modeling wasda on the 20% worst/best IMPROVE days).
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8.6.3.5 Weight of Evidence Summary and Conclusis

Results of the weight of evidence modeling analywessummarized in Table 8.20, and in the
illustrations of Figures 8.26 and 8.27. For congzar, the table and figures include results from
all weight of evidence analyses, as well as pres/MMRAP and NDDoH results for the complete
emissions inventory and default EPA methodologynfréable 8.11. Scenarios are labeled as
previously noted. For each scenario, the tableiges percentage progress with respect to the
2018 target for 20% worst days at both North DakOtass | areas. Figure 8.26 illustrates
progress with respect to the URP glide path at TRMRIl scenarios, and Figure 8.27 illustrates
progress with respect to the URP glide path at Li&tAall scenarios.

Conclusions based on weight of evidence modelirdyars follow.

1) Compliance with 20% worst day URP 2018 targets @tliNDakota Class | areas cannot be
achieved through additional emissions reductioamfiNorth Dakota sources, alone. It will
require significant additional visibility affectingmissions reductions from other western
states, Canada, and from sources located outsithe 8/RAP CMAQ modeling domain.

2) A visibility progress analysis methodology whichsabbunts the impact of International
(Canadian) visibility affecting source emissions 20 worst days is plausible, and was
developed and implemented by the NDDoH. Using laimmethodology, the NDDoH was
able to also develop and implement a proceduréstmdnt the impact adll sources located
outside of North Dakota on 20% worst days.

3) After discounting the impact of Canadian sourcamiicantly greater progress (50 percent
greater) was demonstrated, relative to URP 20-taifor North Dakota Class | areas, than
modeling with the entire emissions inventory. B@% worst day targets were still not
achieved.

4) After discounting the impact adll sources located outside of North Dakota, even greater
progress was demonstrated, relative to URP 20p@tsfor North Dakota Class | areas, than
modeling with Canadian sources discounted. Howe@¥ worst day targets were still not
achieved.

5) After zeroing out all future S9©and NG emissions in North Dakota under default EPA
methodology (emulating a 100 percent, unrealistictol of all sources), compliance with
20% worst day targets was still not achieved atiNDakota Class | areas.

6) Basing 20% worst days on baseline model resulteerahan IMPROVE monitoring data
made no meaningful difference in future visibilgyojections.
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Table 8.20
NDDoH Visibility Modeling Results 20% Worst Days
Weight of Evidence Analysis Summary

Projected
Scenario Description Class | Area Percent of
2018 Targe
WRAP CMAQ TRNP 24.0
1 Default EPA Methodology
LWA 16.7
NDDoH Hybrid TRNP 38.1
2 Default EPA Methodology
LWA 26.7
NDDoH Hybrid TRNP 50.0
3 Canada Sources Discounted
LWA 40.2
NDDoH Hybrid TRNP 83.9
4 All Sources Other Than ND Discounted
LWA 59.6
NDDoH Hybrid TRNP 83.8
5 Base Emissions Inv = Default
Future Emissions Inv = All ND LWA 72.6
SO, and NQ, Emissions set to zero
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9. Reasonable Progress Goals

9.1 Introduction

The Regional Haze Rule states that for each mand@&tass | Federal area located within the
State and in each mandatory Class | Federal acateld outside the State which may be affected
by emissions from within the State, the State nessablish reasonable progress goals for each
area. For out-of-state Class | areas that aretaffeby in-state emissions, the State must consult
with the affected state regarding the reasonabdgrpss goals for those Class | areas. The
reasonable progress goals (expressed in deciviewsf) provide for reasonable progress towards
achieving natural visibility conditions includingiprovement in visibility for the most impaired
days (20% worst days) and ensuring no degradatiersibility for the least impaired days (20%
cleanest days) over the planning period.

The EPA has published guidander setting reasonable progress goals. The Isésjxs include:

1. Establish Baseline and Natural Visibility Comatits

2. Determine the Glidepath, or Uniform Rate of Pesg
3. Identify and Analyze the Measures Aimed at Aeimg the Uniform Rate of Progress
a. Identify the key pollutants and sources and/ourcse categories that are

contributing to visibility impairment at each Classarea. The sources of
impairment for the most impaired and least impadags may differ.

b. Identify the control measures and associatedsam reductions that are expected
to result from compliance with existing rules arttiav available measurements
for the sources and source categories that cotribignificantly to visibility
impairment.

C. Determine what additional control measures wdddreasonable based on the
statutory factors and other relevant factors foe thources and/or source
categories you have identified.

d. Estimate through the use of air quality modeés itnprovement in visibility that
would result from implementation of the control ree@s you have found to be
reasonable and compare this to the uniform rapragjress.

4. Establish the Reasonable Progress Goal

! U.S. EPA 2007; Guidance for Setting Reasonablgress Goals under the
Regional Haze Rule: U.S. Environmental Protectigercy, Office of Air Quality Planning and
Standards, Research Triangle Park, NC, June 1, 2007
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9.2 Establish Baseline and Natural Visibility Condiions

The baseline visibility conditions are establishadSection 5.3 while the natural visibility
conditions are addressed in Section 5.4. Thevdtig table summarizes the results for North
Dakota’s Class | Federal areas.

Table 9.1
Baseline and Natural Visibility Conditions
Baseline (dv) Natural Conditions (dv)
Area 20% Best 20% Worst 20% Best 20% Worst
TRNP 7.8 17.8 3.0 7.8
LWA 8.2 19.6 2.9 8.0

9.3 Determine the Glide Path or Uniform Rate of Prgress

The uniform rate of progress necessary to achiaweral conditions is addressed in Section 5.4.

The results of that analysis are as follows:

Table 9.2
Visibility Improvement Required
Total Improvement 2018
Required (dv) Target Improvement (dv)

Area 20% Worst Days 20% Worst Days
TRNP 10.0 2.3
LWA 11.6 2.7
9.4 Identify and Analyze the Measures Aimed at Aclving the

Uniform Rate of Progress
A. Identify key pollutants and sources contributbogvisibility impairment in each Class |

area.

The key pollutants contributing to visibility degiaion in North Dakota’s Class | areas
are sulfur dioxide and nitrogen oxides which foruifates and nitrates (see analysis in
Section 8.7.2.2). For sulfates, the contributiogrees are primarily point sources in
Canada, sources outside WRAP’s modeling domainpaimtt sources in North Dakota.
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For nitrates, point/area/mobile sources in Canaitath Dakota, Montana and sourt
outside of WRAI's modeling domain area are the priy contributors (see analysis
Section 6.3 and Sectic8). North Dakota sources contributed 21% of the sultatd
19% of the nitrate at TRNP during the 20% worstsdafythe baselir (WRAP Case Pla
02c,. At LWA, North Dakota sources contributed 18% the sulfate and 13% of tl
nitrate for the same peric

Organic carbon (primary organic aerosols) is the tegest contributor to extinction
the Class | areas of North Dakota. Organic carbontributes 17.5% of the tot
extinction at TRNP and .9% at LWA during thebaseline20% worst day. As can be
seen in Figures 9.1 and 9.2uch of the organic carbcemissions in North Dakota a
from the “natural fire” source category or from ttiegitive dust” categcy. Natural fire
cannot be controlle and will vary year to year in each s.. Fugitive dust is addressed
Sectiors 9.5.2 and 10.6.. Off-road mobile sourcesf organic carbon are expected
decrease 54% by 20:

Figure 9.1
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Figure 9.z
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With regard tothe contribution of
concentration in the Class | ar, the sources in North Dakota ¢

Table 9.2
North Dakota Source:!

North Dakota sources to sulfates and nitrats

of
Sulfate and Nitrates
20002004
In-State In- State Percent of Tota
Sulfate Nitrate In-State Contribution
Area | Source Contribution | Contribution
(ng/md) (ng/m®) Sulfate Nitrate
TRNF | Poin 0.3148 0.1587 98 49
Anthropogenic Fir 0.0002 0.0003 <1 <1
Mobile 0.0151 0.1038 4 32
Natural Fire & Biogeni 0.0002 0.0389 <1 12
Area 0.0071 0.0233 2 7
LWA | Point 0.3797 0.1760 92 48
Anthropogenic Fir < 0.0001 < 0.000: <1 <1
Mobile 0.0216 0.1197 5 33
Natural Fire & Biogeni 0.0004 0.0362 <1 10
Area 0.0089 0.0334 2 9

North Dakota sources only contribute 21% of thaltsulfate concentration in TRNP a

19% of the total nitrate concentration during tH®@worst days.
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Dakota sources contribute 18% of the total suléete 13% of the total nitrate (see Table
2.1). Although mobile sources are a significanttabator to North Dakota’s emissions

that form nitrates, mobile sources in North Dakatdy contribute 6% of the total nitrate

concentration in TRNP and 4% in LWA during the 208rst days (WRAP Case Plan

02c). Nitrogen oxides emissions from mobile sosir@ee expected to decline by 51% by
2018 (see Table 6.1 and 6.3). Based on the alesudts, efforts to reduce sulfates and
nitrates are primarily directed towards point segrof sulfur dioxide and nitrogen oxides
emissions.

Identify the Control Measures and Associated4$sion Reductions from Existing Rules

See Section 10. The WRAP has estimated that theH®books” controls will reduce
emissions of nitrogen oxides by approximately 28,@hs per year, sulfur dioxide 1,700
tons per year, elemental carbon 2,700 tons per, year fine particulate matter by 900
tons per year. Coarse particulate matter is erdect increase by 18,000 tons primarily
due to fugitive dust. These “on the books” corstiiaclude:

» Tier 1 light-duty vehicle standards, beginning M3986;

* National Low Emission Vehicle (NLEV) standards, ioegng MY 2001;

» Tier 2 light-duty vehicle standards beginning MYO80 with low sulfur gasoline
beginning summer 2004;

» Heavy-duty vehicle standards beginning MY 2004;

» Heavy-duty vehicle standards beginning MY 2007, hwiow sulfur diesel
beginning summer 2006;

* Emission standards for new nonroad spark-ignitiogirees below 25 hp;

* Phase 2 emission standards for new spark-igniteordtheld engines below 25
hp;

* Phase 2 emission standards for new spark-ignitmrhand-held engines below
25 hp;

» Emission standards for new gasoline spark-igniti@mine engines;

» Tier 1 emission standards for new nonroad compraggnition engines above
50 hp;

 Tier 1 and Tier 2 emission standards for new nahroampression-ignition
engines below 50 hp including recreational maringirees;

» Tier 2 and Tier 3 standards for new nonroad congprasgnition engines of 50
hp and greater not including recreational marirgirees greater than 50 hp; and

* Tier 4 emissions standards for new nonroad comiaresgnition engines above
50 hp, and reduced nonroad diesel fuel sulfur fevel

Modeling by the WRAP indicates these “on-the-bookdés will improve visibility by
0.1 deciviews in the 20% worst day at TRNP andd@@views at LWA.

Determine What Additional Control Measures Wollld Reasonable Based on the
Statutory Factors and Other Relevant Factors

See Section 9.5 and 9.6.
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D. Estimate Through the Use of Air Quality Modele timprovement in Visibility that
Would Result From the Implementation of the ConmMelasures Found to be Reasonable

See Section 9.5.
E. Establish the Reasonable Progress Goals

See Section 9.7.

9.5 Additional Controls

9.5.1 Point Sources Contributing to Visibility Impairment in the North
Dakota Class | Areas

In determining reasonable progress goals for anwys<l| Federal area, 40 CFR

51.308(d)(1)(i)(A) requires a state to consider thsts of compliance, the time necessary for
compliance, the energy and non-air quality envirental impacts of compliance, and the

remaining useful life of any potentially affectedusces, and include a demonstration showing
how these factors were taken into consideraticselacting the goal.

In determining the cost of compliance for indivil@urces or source categories potentially
subject to emission limitations, the following segre suggested:

A. Identify the emission units to be controlled.
B. Identify the design parameters for emission st and
C. Develop cost estimates based upon those deaigmpters.

The Guidance for Setting Progress Goals under #gioRal Haze Program states “it is not
necessary for you to reassess the reasonable gsofgtetors for sources subject to BART for
which you have already completed a BART analysis.”

Cost of Compliance

Step 1: Identify Emission Units to be Controlled

The Department has identified sulfur dioxide anogien oxides as the primary pollutants that
are emitted by stationary point sources that coutei most of the visibility impairment.
Particulate emissions from stationary sources haesg little impact on visibility in North
Dakota (see Figures 6.5 and 6.6) and representléalyf the total PM emissions in 2002 (see
Table 6.1). Therefore, PM emissions from pointrses were not evaluated under this section.
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Under BART, it was determined that no additionattcols were required for the largest sources
of PM, the electric utility steam generating uniBtimary sulfuric acid mist emissions are also a
very small contributor to visibility impairment. h€ sources that were subject to BART, the
largest emitters of sulfuric acid mist, were evéddafor emissions of this pollutant. Because of
the small impact of sulfuric acid mist on visibjlitsulfuric acid mist was not included in the
reasonable progress analysis.

To identify point sources in North Dakota that puiglly affect visibility in Class | Federal
areas, the list of sources subject to Title V p#ing requirements was established as the starting
point. This represents more than 99% of the sulfoxide emissions from all point sources in
North Dakota that have an operating permit (Titl@rSMinor Source Operating Permit) and
greater than 98% of the nitrogen oxides emissi@seth on 2007 data. The sources subject to
BART were also eliminated from the list as suggedig EPA guidance. The Department has
included all controls on BART sources that haveasonable cost. Any controls rejected under
BART would also be rejected under the four facttos determining reasonable progress.
Although sources were excluded from this analyaikssources, including sources subject to
BART, will be reviewed during future planning peis

To further evaluate the list of sources, the actmaissions from the source were compared to the
distance the source is located from the nearestsClaFederal area. The Department has
determined from previous BART modeling that patate matter emissions from point sources
have a very small contribution to visibility impaient in the Class | areas. Therefore, only
emissions of nitrogen oxides and sulfur dioxide evewvaluated in this comparison. The
Department initially used the average of the 200042emission rate for this analysis. The
emission rate (Q) in tons per year was dividedhgydistance (D), in kilometers, to the nearest
Class | area. A value of Q/D greater than 10 wassen as a point for further evaluation of
those sources. A Q/D of greater than 10 was chbssed on the FLM’s proposed FLAG
guidance amendments initial screening criteriadources that may affect air quality related
values. In addition, EPA in the preamble to theRBAGuideline states, “Our analyses of
visibility impacts from model plants provide a udeéxample of the type of analyses that might
be used to exempt categories of sources from BABased on our model plant analysis, EPA
believes that a State could reasonably chooseamgixsources that emit less than 500 tons per
year of NQ or SQ (or combined N@ and SQ), as long as they are located more than 50
kilometers from any Class | area; and sourcesehat less than 1000 tons per year of JN¥D
SO, (or combined N@ and SQ) that are located more than 100 kilometers from @fass |
area.” EPA's criteria is equivalent to a Q/D of 1Bor all sources, except EGUs, the totah SO
and NQ emissions from the facility were used and no diion was made for individual units.
EGU’s were separated by units because they caasastandalone facilities while other process
units cannot.
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Table 9.4

North Dakota Title V Sources Q/D Analysis

SO, + NOk Distance

2000-2004 to Nearest Nearest

Average Nearest Class | Area Q/D
Permittee Plant (tons) Class | Area (km) (tons/km)
ADM Corn Processing Walhalla Ethanol Plant 287 {aasid 324 0.9
ADM Processing Velva Facility 45 Lostwood 125 0.4
Alliance Pipeline Fairmount Comp. Station 58 Voyaige 327 0.2
Alliance Pipeline Towner Comp. Station 57 Lostwood 120 0.5
Alliance Pipeline Wimbledon Comp. Station 60 Lostdo 335 0.2
American Crystal Sugar Co. Drayton Sugarbeet Plant 1,109 Voyageurs 294 3.8
American Crystal Sugar Co. Hillsboro Sugarbeet Plan 1,085 Voyageurs 315 3.4
Basin Electric AVS Unit 1 13,864 TRNP/NU 107 129.6
Basin Electric AVS Unit 2 12,796 TRNP/NU 107 119.6
Bear Paw Energy Alexander Comp. Station 139 TRNP/NU 36 3.9
Bear Paw Energy Fort Buford Comp. Station 42 TRNFP/N 44 1.0
Bear Paw Energy Grasslands Gas Plant 748 TRNP/NU 38 19.7
Bear Paw Energy Lignite Gas Plant 463 Lostwood 15 093
Bear Paw Energy Tree Top Comp. Station 54 TRNP/SU 7 1 3.2
Cargill Corn Milling Wahpeton Facility 109 Voyageur 320 0.3
Cargill, Inc. West Fargo Plant 56 Voyageurs 311 0.2
Cavalier AFS CAFS Power Plant 234 Lostwood 280 0.8
City of Fargo Landfill 9 Voyageurs 309 <0.1
City of Minot Landfill 1 Lostwood 80 <0.1
CNH America, LLC Fargo Plant 1 Voyageurs 310 <0.1
Continental Resources Medicine Pole Hills 58 TRNP/S 94 0.6
Dakota Gasification Co. Great Plains Synfuels 19,80 TRNP/NU 107 101.0
DMI Industries Fargo Plant 2 Voyageurs 321 <0.1
Grand Forks AFB Heating Plant 9 Voyageurs 342 <0.1
Hebron Brick Company Hebron Brick Plant 30 TRNP/SU 97 0.3
Health Care Fargo Incinerator 4 Voyageurs 313 <0.1
Hess Corporation Hawkeye Comp. Station 116 Lostwood 53 2.2
Hess Corporation Tioga Gas Plant 3,655 Lostwood 35 104.4
Hillsboro MEU Hillsboro 1 Voyageurs 318 <0.1
Idahoan Foods Grand Forks Plant 104 Voyageurs 316 3 0
J.R. Simplot Grand Forks Plant 53 Voyageurs 317 0.2
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SO, + NO, Distance

2000-2004 to Nearest Nearest

Average Nearest Class | Area Q/D
Permittee Plant (tons) Class | Area (km) (tons/km)
Jahner Sanitation Landfill 1 Voyageurs 340 <0.1
Kaneb Pipeline Co. Jamestown Plant 1 TRNP/SU 351 .1<0
LM Glasfiber Grand Forks Plant 1 Voyageurs 325 <0.1
Minn-Dak Farmers Coop Wahpeton Facility 601 Voyageu 319 1.9
Minot AFB Heating Plant 24 Lostwood 79 0.3
MDU Company Heskett Plant Unit 1 1,269 TRNP/SU 182 7.0
MDU Company Heskett Plant Unit 2 3,411 TRNP/SU 182 18.7
Mor Tech Fab Williston Plant 1 TRNP/NU 60 <0.1
Nordic Fiberglass Devils Lake Plant 1 TRNP/NU 335 0.k
NDSU Heating Plant 500 Voyageurs 310 1.6
Northern Border Pipeline Comp. Station No. 4 188 NPRNU 18 10.4
Northern Border Pipeline Comp. Station No. 5 104 NPRNU 56 1.9
Northern Border Pipeline Comp. Station No. 6 101 NFRSU 116 0.9
Northern Border Pipeline Comp. Station No. 7 104 NFRSU 190 0.5
Northern Border Pipeline Comep. Station No. 8 108 NPRSU 282 0.4
Northern Sun ADM Enderlin Facility 105 Voyageurs 533 0.3
Otter Tail Power Company Coyote Station 27,804 TRNP 112 248.3
Petro-Hunt Little Knife Gas Plant 422 TRNP/NU 39 .80
Red Trail Energy Richardton Ethanol Plant 329 TR/ 74 4.4
Tesoro Mandan Refinery 5,757 TRNP/SU 182 31.6
UND Heating Plant 868 Voyageurs 318 2.7
Whiting Oil & Gas Wabek Station 73 Lostwood 71 1.0
WBI Pipeline Company Dickinson Comp. Station 137 NHRSU 39 35
WBI Pipeline Company Glen Ullin Comp. Station 67 NIRSU 116 0.6
Wil Rich, Inc. Wahpeton Plant 1 Voyageurs 317 <0.1

The Northern Border Pipeline Company Compressaidbt?No. 4 is powered by a natural gas
turbine. In 2005, Northern Border replaced thiditne with a lower emitting turbine. From
2006-2008, the average nitrogen oxides plus sdifuxide emissions were 118 tons per year for
a Q/D of 6.6. Because of the installation of tloevdr emitting turbine, this facility was
eliminated from consideration of additional corgrdluring this planning period.

The Tesoro Refining and Marketing Company’s ManRafinery is subject to a Consent Decree

which requires substantial emissions reductionsceSthe baseline period, Tesoro has installed
a wet scrubber and wet ESP to control sulfur diexadissions from the catalytic cracking unit,
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installed new lower emitting furnaces at the alkgla unit and are installing low N(burners in
the boilers. From 2006-2008, the total sulfur diexand nitrogen oxides emissions from the
facility averaged 1,438 tons per year for a Q/D7d. This ratio is expected to decline
significantly when the modifications to the boilease brought on-line. Because of these
changes, this facility was not considered for addél controls during this planning period.

Since the baseline period, Bear Paw Energy has ipgssting the acid gas into deep wells at
their Grasslands and Lignite Gas Plants. Thisctiga eliminates all sulfur dioxide emissions
except for those emissions due to a malfunctioth@finjection equipment. When a malfunction
occurs, the acid gas goes to a flare which willtesulfur dioxide. In 2007, total emissions of
sulfur dioxide and nitrogen oxides (including malétions) from the Grasslands Gas Plant were
274 tons for a Q/D of 9.8. Without malfunction ssions, the total was 52 tons for a Q/D of
1.4. At the Lignite Gas Plant, the 2007 total sulflioxide and nitrogen oxides emissions
(including malfunctions) were 121 tons for a Q/D&1. Without malfunction emissions, the
total was 48 tons for a Q/D of 3.2. These malfioms are generally unplanned, short duration-
episodes (a few hours) with very high S®mission rates that vary from year-to-year.
Controlling emissions during these malfunctionsn@ feasible and the acid gas is flared to
prevent the release of high concentrations of hyeinosulfide. These two sources were
eliminated based on their change to acid gas iojeawhich greatly reduces sulfur dioxide
emissions. The requirement to inject their acid igaincluded in the Title V Permit to Operate
for each facility.

Petro Hunt's Little Knife Gas Plant emissions im#uthose emissions associated with
malfunctions. If the malfunction emissions arem@tiated, the average sulfur dioxide and
nitrogen oxides emission rate for 2000-2004 is B3dns for a Q/D of 8.7. The Little Knife Gas
Plant has seen reduced operations recently dudeolme in gas volume. New oil wells that are
being drilled are generally producing from the BakKormation which contains sweet natural
gas. In 2008, SOplus NQ emissions (including malfunctions) totaled 295stdor a Q/D of
7.6. Because of the small amount of emissionstlam@xpected decline in the future, the Little
Knife Gas Plant was eliminated from consideration ddditional control during this planning
period.

All of the facilities that were eliminated from cgideration for additional air pollution controls
will be considered and reviewed again during fuplesning periods.

After review of the sources in Table 9.4, the fallog sources in Table 9.5 were considered for
additional controls during this planning period:
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Table 9.5

Sources Evaluated for Additional Control

Source Owner Unit Type Capacity
Antelope Valley Station Basin Electric Power Coop. 1 EGU MIBe
Antelope Valley Station Basin Electric Power Coop. 2 EGU MI¥Be
Coyote Station OtterTail Power Co. Main Boiler EGU 450 MW
Great Plains Synfuels Plant Dakota Gasification Co. BoileB & S | Industrial Boilers 763 x f0
Btu/hr each
Tioga Gas Plant Hess Corp. 3 Sulfur Recovery Unit  228D.T
Tioga Gas Plant Hess Corp. Cl-AtoF Compressor Enginé820-2350
BHp each

Step 2:

Identify the Design Parameters for Emissio Controls

All of the source units identified for possible #@duhal air pollutant control are equipped with

varying degrees of air pollution control equipmexg,shown in Table 9.6.

Table 9.6
Remaining Sources Existing Conditions
Current?
Control
Control Current? Efficiency
Source Pollutant Equipment Emission Rate (%)
AVS 1 Ye) Spray Dryer 0.36 Ib/16 Btu 77
NOx OFA 0.37 Ib/18 Btu -
AVS 2 SQ Spray Dryer 0.38 Ib/16 Btu 76
NO OFA 0.34 Ib/16 Btu -
Coyote SG Spray Dryer 0.71 Ib/16 Btu 66
NO None 0.68 Ib/18 Btu -
Tioga Gas Plant
SRU SO, 3 Stage Claus 1097 tpy 98.8
+4 bed Cold Bed
Absorber
Engines NOy None 1353 --
GPSP - Boilers SO Wet Scrubber 2169 tpy 96-97
NO, None 0.5 Ib/16 Bt -

Based on 2005-2007 data
Based on 2007 data
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Work is currently underway to increase the efficienf the spray dryers at AVS | and Il. This
work is being done because of an expected inclieatbe sulfur content of the coal used at the
facilities. The increase in efficiency is expected approach 90% which the Department
considers the limit of spray dryer efficiency. Bvihough the efficiency will be increased, no
reduction in emissions is expected because of itjieeh sulfur coal. Because upgrades of the
spray dryers are already in progress, this optias not considered at AVS | or Il during this
planning period. At the Coyote Station, upgradeshe spray dryer would require a detailed
engineering analysis to determine if improvements possible. For this planning period,
replacing the spray dryer is evaluated. Any upesdad the spray dryer (if possible) will produce
less emissions reductions and less visibility improent when compared to a new wet scrubber.
This source will also be reevaluated during futpl@nning periods to determine if additional
controls are reasonable.

The boilers at the Great Plains Synfuels Plant (&R$e equipped with an ammonia reagent wet
scrubbing system followed by a wet electrostatecymitator. This system is achieving 96-97%
removal of sulfur dioxide from the flue gas. Thesnoval efficiency is comparable to BACT or
BART for industrial boilers of this size. Theredoisulfur dioxide controls for these boilers were
not evaluated further during this planning period.

The following control options were reviewed for pide implementation at the remaining
sources:

Table 9.7
Control Options Evaluated
Estimated
Control Control Efficiency
Source Pollutant Considered (%)
AVS 1 and 2 SQ New Wet Scrubber 95
NOx LNB 30-75
SNCR 30-75
SCR w/Reheat 40-90
Coyote SQ New Wet Scrubber 95
NOy ASOFA 40
SNCR 30
ASOFA + SNCR 50-60
SCR w/Reheat 40-90
Tioga Gas Plant
SRU SO Tail Gas Cleanup 99.8-99.98
NOx SCR 80-90
1920 BHp Engine Remanufacture 80-90
Engines Air-Fuel Ratio Controller 10-40
Ignition Timing Retard 15-30
2350 BHp Engines NO SCR 33-67
GPSP — Boilers NO SNCR 30-40
SCR 40-9¢
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%verall efficiency of the sulfur recovery unit atall gas cleanup unit. BACT determinations
range from 99.8% for existing units to 99.98% femnunits.

®The Department has concerns whether SCR and SNEReahnically feasible for the GPSP
(see DGC’s comments in Appendix I).

“The Department considers 90% efficiency reasonfablaew installations and 80% reasonable
for retrofits.

Step 3: Develop Cost Estimates Based on the DesiBarameters

The available control options were evaluated by WRAcontractor EC/R Incorporated. The
report on this evaluation is found in Appendix .The cost for the wet scrubber at the Coyote
Station was adjusted to represent the gross cgpetithe facility (450 MWe vs 427 MWe)
which is larger than EC/R evaluated. Also, the aeah efficiency for a new wet scrubber was
adjusted from 90% to 95%. The costs associated thié various control technologies are
shown in Table 9.8.

The cost effectiveness ($/ton) for new scrubbe®\d | & Il and Coyote Station is higher than
at the BART sources that are not equipped withidmts. Because AVS and Coyote Station are
already equipped with spray dryers, the cost affeness is higher because less sulfur dioxide
will be removed than at the unit without a scrubb€ne following control options were found to
have an excessive cost effectiveness:

AVS 1 & 2 — Wet scrubber; SCR w/reheat; and LNBGRSw/reheat
Coyote — SCR w/reheat and ASOFA + SCR w/reheat

Tioga Gas Plant — Tail Gas Cleanup

DGC — SNCR and SCR

The SRU at the Tioga Gas Plant is currently opegadi less than 45% of its rated capacity. Itis
expected that the amount of sulfur recovered angstoms from the tail gas incinerator will
continue to decline due to a decline in sour gadlyction in the area the Tioga Gas Plant serves.
Most new gas produced comes from the Bakken foomatihich is sweet gas.

The Department has concerns whether SCR or SNCReauccessfully applied at the GPSP
(see DGC comments in Appendix I). Pilot scaleingsimay be necessary to determine the
technical feasibility of SCR or SNCR for the badevhich produce a flue gas with a high carbon
dioxide and sulfur concentration.

Therefore, these control technologies were notuatadl further.

For the most efficient control options for whicletbost effectiveness (as described in Table 9.8)
was considered reasonable on a $/ton basis, th @@jected emissions were modeled by the
NDDoH to determine the source-specific improvemantisibility. Cumulative modeling was
conducted using the procedures (default EPA metbggy hybrid modeling system, and
baseline and future (2018) emissions inventoriedeasribed in Section 8.5. The
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Table 9.8

Control Options Cost

Total Control Emissions Cost
Annualized Cost | Efficiency | Reduction | Effectiveness
Source Unit Pollutant Control Technology (6)) (%) (tpy) ($/ton)
AVS 1 SQ New Wet Scrubber 32,170,000 95 6,780 4,745
NO LNB 2,280,000 51 3,889 586
SNCR 8,960,000 40 3,050 2,938
LNB+SNCR 11,240,000 65 4,956 2,268
SCR wi/reheat 44-63.2 million 80 6,100 7,213-10,360
LNB + SCR w/reheat 46.3-65.5 million 90 6,863 6,746-9,544
AVS 2 SQ New Wet Scrubber 32,170,00 95 5,899 5,453
NO LNB 2,280,000 51 3,450 661
SNCR 8,960,000 40 2,706 3,311
LNB+SNCR 11,240,000 65 4,397 2,556
SCR w/rehedt 44-63.2 million 80 5,411 8,132-11,680
LNB + SCR w/reheat 46.3-65.5 million 90 6,087 7,606-10,761
Coyote 1 SQ New Wet Scrubber 33,280,000 95 12,835 2,593
NO ASOFA! 1,284,000 40 5,223 246
SNCR 8,520,000 40 5,223 1,631
ASOFA & SNCR 11,245,000 55 7,182 1,566
SCR wi/reheat 45.3-65.1 million 80 10,446 4,337-6,232
ASOFA + SCR w/reheat | 46.6-66.4 million 90 11,752 3,965-5,650
Tioga Gas Plant SRU SO, Tail Gas Clean Up 5,800,000 99.8 1,018 5,697
1920 Hp Engines NO Air Fuel Ratio Controller 260,000 25 305 852
Ignition Timing Retard 140,000 22 268 522
LEC Retrofit 560,000 85 1,035 541
SCR 1,600,000 80 974 1,643
2350 Hp Engines SCR 500,000 50 34 1,471
DGC Boilers (each) SNCR 1,690,000 30 259 6,525
SCR 5,505,000 80 670 8,216
Notes: A) The Department does not consider kiggt SCR to be technically feasible for North Daklignite (see BART analysis in Section 7). The

uncertainties associated with designing an SCResybecause of the high sodium and potassium suiméarosols in the flue gas, even after
the air pollution control equipment, dictates tise of the high end of the SCR cost range.

B) Replacement of the compressor engines with ritectotors is not technically feasible since thenpoessor cylinder connecting rods are an
integral part of the engines crankshaft.

!Based on BART cost estimate for Leland Olds Urih@ Minnkota 1 & 2 shared cost estimate.
’Based on an overall efficiency of the SRU andda# cleanup unit of 99.8%.
3Reductions are the total for all engines with thecified horsepower rating.
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future emissions inventory was modified to refldoe control technology for each candidate
source (AVS 1 EGU, AVS 2 EGU, Coyote EGU, and Tidgas Plant), and modeling was
conducted using the revised future inventory foeg source at a time. The reasonable progress
goals in 40 CFR 51.308(d)(1) requires improvementhie most impaired days. The most
impaired days are defined in 40 CFR 51.301 as ¥keage visibility impairment for the twenty
percent days with the highest amount of visibilitypairment. Therefore, modeling addressed
the 20% worst days for both TRNP and LWA Classdaar The results for each candidate
source were compared with the results using theodifrad future emissions inventory (Table
8.11) to determine the additional visibility impement due to the tested control technology.

Modeled visibility improvement, for each candidatairce/technology, is provided in Table 9.9.
The single source controlled emissions (modeled pan year) and annualized cost effectiveness
(dollars per deciview) are also reported in theletab Reported visibility improvement (in
deciviews) reflects the higher value for either TRRbr LWA. Note that visibility improvement
reported for Coyote represents the total for bo» &nd NQ control technologies, and the
improvement reported for the Tioga Gas Plant repnssthe total for all 1920 and 2350
horsepower engines. As shown in the table, prediegtsibility improvement is very marginal
for all candidate sources/technologies, and coresgtyucost per deciview is very high.

Table 9.9
Visibility Improvement and Cost Effectiveness
Visibility Visibility
Improvement Improvement Cost
Control Emissions (dv)* (%)*** Effectiveness
Source Pollutant Technology (TPY) TRNP | LWA | TRNP | LWA ($/dv)**
AVS 1 NGO, LNB+SNCR 2,358 0.005 0.01 0.03 0.0 1,124,000,p00
AVS 2 NO, LNB+SNCR 2,144 0.005 0.01 0.03 0.06 1,124,000,000
Coyote SQ Wet Scrubber 1,924 0.02 0.04 0.11 0.20 1,113,000,000
NOy ASOFA+SNCR 5,871
Tioga G.P.
1920 BHp Engines NOy LEC Retrofit 268 0 0.5 0 0.26 21,200,000
2350 BHp Engines NOy SCR 33

*The less efficient technologies evaluated woulovmte less improvement.

**Based on the maximum visibility improvement (psource) at any Class | area in North
Dakota.

***mprovement (%) from baseline conditions.

Time Necessary for Compliance

Up to 6.5 years after SIP approval is necessargctoeve compliance (see EC/R report in
Appendix 1.1). Additional time may be necessargafmal maintenance outages do not coincide
with the projected schedule. It is anticipated #dhrequired changes could be implemented by
2018 depending on the date of approval of this SIP.is not anticipated that any of the
remaining sources will be retired prior to 2018.
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Energy and Non-Air Impacts

All of the control technologies for the various smes will consume energy (see EC/R report in
Appendix 1.1). In the case of the Antelope Valfetation and the Coyote Station, this would
mean less electricity available for sale. The eskeent of the sulfur dioxide scrubbing system
at the Coyote Station would increase the amourgobtl waste generated (ash/Cap@hich
must be handled and properly disposed. Howevergthre no non-air impacts identified that
would preclude additional reductions of 5@ NG, from the facilities.

Remaining Useful Life of the Source

The following table lists the expected remainingfutlife of the remaining sources.

Table 9.10
Remaining Useful Life

Estimated
Remaining
Startup Useful Life
Source Unit Date (yrs)
AVS Unit 1 1983 20-40
Unit 2 1985 20-40
Coyote Unit 1 1981 20-40
Tioga Gas Plant Engines 1954 5-40

The engines at the Tioga Gas Plant are now 55 y#drsEngines D and F have recently been
refurbished. It is expected that the other engowmsdd be refurbished which will extend their
remaining useful life an indefinite period. Othban the engines at the Tioga Gas Plant, the
remaining useful life of the affected sources waubd preclude additional air pollution controls.
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Reasonable Progress Goals - Required Controls forokht Sources

EPA has stated in their Guidance for Setting RealslenProgress Goals Under the Regional
Haze Program (June 1, 2007) “in assessing additemésions reduction strategies for source
categories or individual, large scale sources, &rpst effectiveness based on a dollar-per-ton
calculation may not be as meaningful as a dollar geciview calculation.” It has been
determined that requiring additional controls, bey@ART, on existing point sources will not
substantially improve visibility in the Class | Fedl Areas. The maximum combined
improvement based on the Department’s cumulativdeatimg for the average of the 20% worst
days is 0.11 deciviews at LWA and 0.03 deciviewsTRINP for the most efficient control
options for each source that is cost effectiveis Bmounts to a 0.17% improvement at TRNP
over the baseline condition for the most impairagisdand 0.56% improvement at LWA. Other
less efficient control technology options would ad® substantially less visibility improvement
in the Class | areas. The total capital cost taeaehthis improvement is approximately 243
million dollars with an annualized cost of approziely 68 million dollars. Based on the data in
Tables 9.8 and 9.9, the cost effectiveness is @&8 million dollars per deciview of
improvement at LWA and 2.3 billion dollars per deew at TRNP. For all sources evaluated
individually and cumulatively, the cost ($/dv) iersidered excessive. Therefore, no additional
controls are proposed for these non-BART sourcaigliuhis planning period. However,
conditions at the plants and control technologies mhange in the future. Therefore, all of
these sources will be reevaluated during futuramley periods.

9.5.2 Agricultural Tillage Operations

North Dakota has approximately 38 million acresawsm and ranch land or approximately 86%
of the State’s area. Working the land can contebsignificant amounts of fugitive and
windblown dust. The WRAP has estimated that emissources in North Dakota put more than
420,000 tons of particulate matter into the atmesphn 2002. Fugitive dust from agricultural
activities and windblown dust from farm fields wesemajor contributor to these emissions.
Although there was a large amount of particulatéena@missions, the effect on visibility in the
North Dakota Class | areas was small, but not maant, as shown in Figures 9.1 and 9.2 from
the WRAP’s TSS. At TRNP, coarse mass and soile(finass) combined to contribute
approximately 11% of the total extinction during th0% worst days of the baseline period. At
the Lostwood Wilderness Area, approximately 7%hef total extinction was due to coarse mass
and soil. North Dakota sources contributed appnaxely 45 percent of the PMF and PMC at
TRNP and approximately 30 percent at LWA during Bfepercent worst days in 2000-2004
(based on WRAP’s weighted emissions potential amsly
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Figure 9.2
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The practice of conservation tillage is becomingren@opular in North Dakota. The
Conservation Technology Information Center (CTIG)West Lafayette, Indiana specifies that
30 percent or more of crop residue must be lefrgitanting to qualify as a conservation tillage
system. Some specific types of conservation #lleglude Minimum Tillage, Zone Tillage, No-
till, Ridge-till, Mulch-till, Reduced-till, Stripitl, Rotational Tillage and Crop Residue
Management. According to the Crop Residue Managemsevey conducted by the CTIC, total
conservation tillage in North Dakota increased fra@% to 39% of total planted acres from
1998 to 2004. In general, conservation tillagecticas are used more in the western part of the
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State (near the Class | areas) than in the egstetrof the State due to the more arid conditions,
thinner topsoil and the types of crops grown. 00& 77% of the crop acreage in Williams

County in Western North Dakota was planted usingseovation tillage practices versus 28% in
Sargent County (southeastern North Dakota). #xjggected that conservation tillage practices
will increase over the planning period. Higher lfuequipment and labor costs will entice

farmers to reduce tillage. Other added benefitdude better soil moisture storage and
eventually less fertilizer usage. Additionally,nservation tillage practices, such as No-till

farming, help sequester carbon which can be sotthdson credits. As carbon dioxide controls
are instituted, the money earned by farmers fobaarsequestration will also provide an

incentive for conservation tillage practices.

Given the small contribution of coarse mass antltsoiotal extinction and that conservation
tillage practices are increasing, the Departmenticoles there is no need to implement controls
on farming practices. As outlined earlier, freerkes incentives should increase conservation
tillage which will reduce emissions. The trendirudreased conservation tillage practices from
1998-2004 is expected to continue during the plampieriod.

Sources in this category are subject to NDAC 331H2.6 which requires agricultural
activities be managed in a manner as to minimizt ilam becoming airborne. The Department
will reevaluate the source category in future piagrperiods to determine if additional controls
are required.

9.5.3 Smoke Management for Agricultural, Forest Maagement and
Prescribed Burning

It has been determined that no additional rulesamtrols for smoke management are required
(see Section 10.6.5). The worst short-term vigjpbdegradation that occurs in the Class | areas
is caused by prescribed burning conducted by tliderfaé Land Managers. In 2005, the entire
LWA (5,577 acres) was burned by the FLM. In adadifi 3,579 acres in the immediately
adjacent Lostwood Wildlife Refuge were burned odifferent days. Although the State of
North Dakota recognizes the position of the FLMattprescribed burning is necessary to
maintain a healthy ecosystem, it must also be m@zed that the actions of the FLMs that affect
visibility in the Class | areas must be considendtwn evaluating controls for others that use
prescribed burning (e.g., farming, road maintenaete). No additional smoke management
requirements are proposed in this planning pertddwever, the Department will reevaluate this
source category during future planning periodsetieiamine if additional regulation is required.

9.5.4 Reserved

9.5.5 Oil and Gas Exploration and Production

Oil and natural gas production in North Dakota eneyally limited to the western one-third of
the State. In September 2009, there were 4,348atpg wells that produced approximately
238,000 barrels of oil per day. This is in conttasstates like Wyoming that has approximately
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45,000 producing oil and gas wells and Coloradoctviinas approximately 40,000 active wells.
The primary difference is that North Dakota doet lmave any coal bed methane (CBM) wells.
The lack of CBM wells means there are much fewena; compressors and gas processing
plants needed even though North Dakota produceg mibrthan either of these states. The
baseline S@and NQ emissions from area oil and gas sources are dstinad less than 5000
tons per year of each pollutant (see Table 6.1).

North Dakota’s oil production is highly dependemt the price of oil. Several peaks in
production (i.e. 1996 and 1983) have been achi@ndyg for production to drop severely (i.e.
42% from 1983 to 2003) and then increase as tloe pfioil increases. Several projections have
been made regarding the amount of oil that wilpbeduced in the future, the number of wells
that will be producing and the number of drilliigs that will operate in the State. All of these
projections are highly speculative because of thlatiity of oil prices. The price of North
Dakota crude oil reached a high of approximatel@7fer barrel in 2008 and dropped to as low
as $25 per barrel in 2009. The number of drilligg also dropped dramatically from a high of
92 in November 2008 to 35 in May 2009. WRAP hagjqoted a 4-5 fold increase in NO
emissions from oil and gas activities by 2018. haligh emissions may increase this amount
during the planning period, the North Dakota Oida@as Division of the State Industrial
Commission believes that emissions will decreas@d#8 to a level that is 2.0 to 2.5 times the
baseline emission rate. The Oil and Gas Divisieliekies that activity associated with the major
oil producing formation (Bakken formation) will lmecreasing by 2018 with a peak during this
planning period. However, any estimate of futuctvity is suspect because the future of oil
prices is unknown. Because current estimatestafdwil and gas activity, and emissions from
that activity, are very questionable, the Indepahdetroleum Association of Mountain States
(IPAMS) is sponsoring development of a third, oa&h I, inventory of emissions from the
Williston Basin in North Dakota. This inventoryn®t complete and available for this planning
period. Because of the serious flaws in the Phas®d Phase Il inventories, the Department
believes that the Phase Il inventory is necess$aryany planning activities for oil and gas
emissions in North Dakota.

A Q/D type analysis does not work well for oil eagtion or production facilities. These
individual facilities generally have very low sulfdioxide and nitrogen oxides emissions.
However, when the facilities emissions are aggesyjathere may be significant impact on
visibility in a Class | area. The Q/D analysifQib.1 included the larger compressor stations and
natural gas processing plants (sources subjecitl®M). North Dakota also permits minor oil
and gas sources including small compressor stat{gnsater than 500 Hp), natural gas
processing plants and tank batteries. The Q/Dyaisaindicates that only the larger facilities
(i.e. larger Title V sources) have a significanpamnt on visibility in North Dakota Class | areas.
Sulfur dioxide emissions from future oil and gasi\aiies are not a concern because most new
oil and gas production is from the Bakken formatwhich contains sweet (negligible sulfur
content) oil and gas. In addition, engines willrbguired by Federal rule to use ultra low sulfur
gasoline and diesel fuel. Nitrogen oxides emissiare the primary concern. These will
emanate from vehicles, drilling rig engines, glydehydrators, flares, compressor engines, and
other combustion sources. Stationary engines alged to a number of New Source
Performance Standards (NSPS) and Maximum Achiev&datrol Technology (MACT)
standards which will help limit NQemissions. The EPA has also promulgated a 1-hour
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NAAQS for NO,. North Dakota had a 1-hour N@AAQS set at 100 ppb until December of
1994. The new NAAQS is slightly more stringentrthihe former SAAQS for N© The
Department’s experience indicates that oil and fgasities will have to limit NQ emissions
through the use of control devices such as catatymvertors on engines or low NBurners at
heater/treaters or glycol dehydration unit boilersParticulate emissions from oil and
development and production are not expected togehappreciably from the baseline emission
rate. Emissions from the production site are ngdstim development of the well pad which is
of short duration. Vehicle traffic would be thelpother significant source of particulate matter
emissions. Once the well is developed, these @nsshould decrease substantially.

The WRAP, through its contractor EC/R Incorporateds prepared an analysis of the four
factors for reasonable progress for oil and gadoexfion and production operations (see
Appendix 1.2, Section 4). Given the small amouhbaseline emissions and the uncertainty of
the projection of future emissions, the Departnpgnposes no additional controls for oil and gas
exploration and production facilities at this tim&he Department will continue to track oil and
gas emissions and will take into consideration Ftase Ill inventory when it is available.
During the mid planning period review, the Depanineill review oil and gas emissions and
take action if necessary. Oil and gas emissiont also be addressed during subsequent
planning periods.

9.6 Visibility Modeling and Weight of Evidence

As detailed in Section 8, modeling has been comdutty both WRAP and the NDDoH to

estimate visibility improvement resulting from inephentation of BART and other reasonable
control measures. Modeling addressed TRNP and L@l&ss | areas in North Dakota.

Visibility improvement modeling accounted for thanaulative effect of BART controls, and

other growth and control factors. Modeling wagtiatly conducted using the default EPA

methodology, and results were compared with thaudeEPA uniform rate of progress (URP).

Because results based on the default EPA methogdlidgnot achieve compliance with default
URP targets for 2018, additional modeling was caelll by the NDDoH for various weight of

evidence options.

Supplemental weight of evidence modeling analyseslgcted by the NDDoH, which have a
bearing on the selection of reasonable progreds,goalude the following.

1) Discounted the impact of international (in tbése, Canadian) source visibility-affecting
emissions on North Dakota Class | areas.

2) Discounted the impact of visibility-affecting &sions from all sources located outside
of North Dakota, on North Dakota Class | areas.

3) Used the complete emissions inventory for tHauleEPA method, but zeroed out future
SO, and NG emissions from all sources located in North Dako&, assumed 100
percent future control of all SCand NQ emissions in North Dakota), to determine
progress with respect to the default glide patiNiorth Dakota Class | areas.
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4) Conducted modeling to determine the incrememtsibility improvement, and cost
effectiveness ($/dv), of enhanced control technplagAVS generating station, Coyote
generating station, and Tioga Gas Plant (Sectisrip.

Modeling results for the default EPA methodologyd aweight of evidence analyses are
summarized in Table 9.11. In the table, Scenatiand 2 represent the implementation of
default EPA methodology by WRAP and NDDoH, respetyi. Scenarios 3, 4, and 5 reflect the
first three NDDoH weight of evidence analyses otti above. Results for the fourth weight of
evidence analysis (above) were provided in Talfle Results in Table 9.11 are presented as the
projected percent of the 2018 target.

From results of visibility modeling based on standd&PA methodology, and results of the
weight of evidence analyses, the following condusi are applicable to the establishment of
reasonable progress goals for North Dakota Classds.

1) The uniform rate of progress goal for 2018 f6P@worst days will not be achieved at
either TRNP or LWA.

2) Apportionment modeling results indicate the dbtion of sources located outside of
North Dakota is much greater than the contributbm-state sources to 20% worst day
visibility at TRNP and LWA (both baseline and 2018)

3) Though the addition of proposed BART controldstantially decreases the visibility
impact of North Dakota EGUs, these EGUs compridg ansmall component of total
20% worst day impact at TRNP and LWA.

Table 9.11
NDDoH Visibility Modeling Results 20% Worst Days
EPA Methodology and Weight of Evidence Analysis Sumary

Projected
Percent of
Scenario Description Class | Area | 2018 Target
1 WRAP CMAQ TRNP 24.0
Default EPA Methodology
LWA 16.7
2 NDDoH Hybrid TRNP 38.1
Default EPA Methodology
LWA 26.7
3 NDDoH Hybrid TRNP 50.0
Canada Sources Discounted
LWA 40.2
4 NDDoH Hybrid TRNP 83.9
All Sources Other Than ND Discounted
LWA 59.6
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Projected
Percent of
Scenario Description Class | Area | 2018 Target
5 NDDoH Hybrid TRNP 83.8
Base Emission Inv = Default
Future Emissions Inv = All ND LWA 72.6
SO, and NQ Emissions set to zero

4) Compliance with 20% worst day URP 2018 targéetSath Dakota Class | areas cannot
be achieved through additional emissions reductfoore North Dakota sources, alone.
It will require significant additional visibility ffecting emissions reductions from
Canada, other western states and from sourcesetbaattside of the WRAP CMAQ
modeling domain.

5) After discounting the impact of Canadian sourcggnificantly greater progress (50
percent greater) was demonstrated, relative to R targets for North Dakota Class |
areas, than modeling with the entire emissionsntorg but the 20% worst day targets
were still not achieved.

6) After discounting the impact afl sources |ocated outside of North Dakota, even greater
progress was demonstrated, relative to URP 20@tsifor North Dakota Class | areas,
than modeling with Canadian sources discountedweyer, 20% worst day targets were
still not achieved.

7) After zeroing out all future SQand NQ emissions in North Dakota under default EPA
methodology (emulating a 100 percent, unrealistinotol of all sources), compliance
with 20% worst day targets was still not achievelNarth Dakota Class | areas.

8) The use of enhanced control technology at AVBegsting station, Coyote generating
station, and Tioga Gas Plant provides minimal im@etal improvement in 2018
visibility (Table 9.9), and does not meaningfullijange status with respect to 2018
visibility goals.

Given these conclusions based on modeling, it appmast of the visibility impact at North
Dakota Class | areas is due to emissions from ssulacated outside the jurisdiction of the
NDDoH. But regardless of the extent to which \igysaffecting sources located outside of
North Dakota are discounted, compliance with URBd& cannot be achieved. Further, the use
of enhanced control technology on additional caatidsources (Item 8, above) within
jurisdiction of the NDDoH does not provide a meahuh improvement in terms of 2018 URP
visibility goals. It is not realistic to expectgsificant additional controls (beyond BART or
other current controls) will be implemented in egabr Canadian provinces apart from North
Dakota before 2018. From a modeling perspectheefore, setting reasonable progress goals
for 20% worst days to be consistent with 2018 miodelresults for the default EPA
methodology (Table 9.11) would seem most realistic.
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9.7 Establish Reasonable Progress Goals

As indicated in Section 8, control of emissionsnirélorth Dakota sources has only a small
effect on visibility conditions in the North Dakotalass | areas. The source apportionment
(based on WRAP modeling) for the 20% worst daythenClass | areas indicates that sources
outside of North Dakota contribute from 79-87%lu# sulfate or nitrate which cause the greatest
visibility impairment in the North Dakota Class teas. The source region apportionment
provided by WRAP is presented in Table 9.12 forNuweth Dakota Class | areas. Note that the
WRAP modeled contributions for North Dakota sourice$able 9.12 are somewhat smaller than
the contributions based on NDDoH modeling in TaBlé6. This is because the NDDoH
approach incorporated a more realistic representati point source plumes, resulting in higher
predictions for North Dakota sources (and greatbnity improvement).

Table 9.12
Source Region Apportionment 20% Worst Days
Class | Area
Contributing TRNP LWA
Area SO,y NO3 SO,y NO3
North Dakota 21.1% 19.1% 17.9% 13.0%
Canada 28.3% 31.8% 45.9% 44.6%
Outside Domain 32.6% 17.9% 20.2% 14.0%
Montana 3.1% 15.0% 2.4% 9.3%
CENRAP 4.9% 2.5% 5.3% 5.1%
Other 10.5% 13.7% 8.3% 14.0%

An analysis was conducted to determine if the umfoate of progress could be achieved in the
North Dakota Class | areas by controlling sulfurxiiile and nitrogen oxides emissions from in-
state sources (see Section 8.7.3.3). The resulisate the uniform rate of progress cannot be
achieved by reductions in North Dakota alone. |If salfur dioxide and nitrogen oxides
emissions in North Dakota were completely contobl(gero emissions), only 72.6% of the
uniform rate of progress for the 20% worst days idne achieved at LWA and only 83.8% at
TRNP. Significant reductions of emissions from rees outside of North Dakota will be
required in order to meet the uniform rate of pesgrfor this planning period.

North Dakota can only require emission controlsdources within its boundaries. Because of
the large contribution to visibility impairment fro sources outside of North Dakota, any
estimate of reasonable progress on a deciview lsauous at best. Any increase in emissions
from sources external to North Dakota could offasy improvement from the reduction of
emissions at in-state sources. By 2018, North RalBART controls plus other regulatory
requirements are expected to reduce in-state &@issions by more than 60% and ,NO
emissions by more than 25%. Table 9.13 shows tbggied change in emissions for North
Dakota as well as surrounding states and Canada.
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Table 9.13
Projected Change in Emissions

2002-2018
(%)

South North

Dakota Montana Minnesota Canada Dakota
SO -35.7 -11.8 -28.8 -6.8 -60.0
NOy -17.9 -26.0 -39.4 -0.8 -25.3
oC -6.1 -3.3 -5.3 22.7 -19.4
EC -51.1 -16.6 -28.9 75.2 -52.3
PMF 2.2 7.5 -1.3 34.8 2.0
PMC 4.2 8.8 -4.4 33.8 3.5
NH3 0.3 1.2 33.9 -31.9 -0.3
VOC -0.5 -0.6 2.9 -1.2 1.1
CO -17.0 -15.9 -20.8 -11.7 -27.4

Note: Based on WRAP's Case Plans 02d and PRP18b.

The reasonable progress goals based on the Depéigrhgbrid modeling approach in Table
9.14 are established. The analyses conductedatedibere will be no degradation in the 20%
best days. The Department's modeling results stiaw visibility in the 20% best days will
improve 0.14 deciviews at TRNP and 0.09 decivietls/dA.

Table 9.14
Reasonable Progress Goals
Baseline Visibility 2018 RPG 2018 RPG@
20% Worst Days 20% Worst Days 20% Worst Days
Class | Area (dv) (dv) (dv)
TRNP 17.8 16.9 17.2
LWA 19.6 18.9 19.1

Based on Department’s hybrid modeling approach.
Based on WRAP’s modeling approach.

40 CFR 51.308(d)(1)(ii) requires the State to pdevior public review an assessment of the
number of years it would take to attain naturaldibons if visibility improvement continues at
the rate of progress selected by the State asralalgo Achieving natural conditions will require
the elimination of all anthropogenic sources ofssmns. Given current technology, achieving
natural conditions is an impossibility. Any estimaf the number of years necessary to achieve
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natural visibility conditions would require assumpts about future energy sources, technology
improvements for sources of emissions, and eveamgtfaf human behavior that causes visibility
impairing emissions. The elimination of all $&d NQ emissions in North Dakota will not
achieve the uniform rate of progress for this, my future planning period. Any estimate of the
number of years to achieve natural conditions sstjanable because of the influence of out-of-
state sources. The number of years required teseimatural conditions based on the proposed
reasonable goals are as follows:

Table 9.15
Time Necessary to Achieve Natural Conditions
Improvement
Rate this
Baseline Natural Planning Years to Natural
Visibility Visibility Period Conditions®
20% Worst 20% Worst 20% Worst
Class | Area Days Days Days 20% Worst
(dv) (dv) (dvlyr) Days
TRNP 17.8 7.8 0.06429 156
LWA 19.6 8.0 0.05000 232

®Based on the Department’s hybrid modeling approach.

If the most efficient cost effective control optgavaluated for Coyote Station, Antelope Valley
Station and the Tioga Gas Plant were implemenkedntimber of years to reach natural
conditions would be 151 years at the three unifBRIIP and 201 years at LWA. Implementing
additional controls at these sources will not digantly affect current visibility conditions oreh
amount of time necessary to achieve natural canditi
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10. Long -Term Strategy

10.1 Long -Term Strategy Requirements

40 CFR 51.308(d)(3) contains the requirements Hier lbng-term strategy for regional haze.
Each State listed in 851.300(b)(3) must submitrg{term strategy that addresses regional haze
visibility impairment for each mandatory Class IdEeal area within the State and for each
mandatory Class | Federal area located outsidéSthte which may be affected by emissions
from the State. The long-term strategy must inclugldorceable emissions limitations,
compliance schedules, and other measures as ngcessa&hieve the reasonable progress goals
established by States having mandatory Class baheastablishing its LTS for regional haze,
the State must meet requirements of 851.308(d){B)y@ugh (3)(v).

10.2 Consultation With Other States

40 CFR 51.308(d)(3)(i) requires “Where the State @missions that are reasonably anticipated
to contribute to visibility impairment in any mandey Class | Federal area located in another
State or States, the State must consult with therdbtate(s) in order to develop coordinated
emission management strategies. The State mustiltevith any other State having emissions
that are reasonably anticipated to contribute sibility impairment in any mandatory Class |
Federal area within the State.”

North Dakota emissions are reasonably anticip&edontribute to visibility impairment in
mandatory Class | Federal areas in Minnesota (Bayn@aters Canoe Area Wilderness Area
and Voyageurs National Park), Montana (Medicined_&lational Wildlife Refuge Wilderness
Area and U.L. Bend National Wildlife Refuge Wildess Area), and South Dakota (Badlands
National Park and Wind Cave National Park). Realslyranticipated to contribute is considered
to be a contribution of more than 5 percent totthal extinction (Bx) in the Class | area. North
Dakota emissions impacts on Michigan Class | af¢sle Royal National Park and Seney
National Wildlife Refuge Wilderness Area) are smallless than 5 percent of the extinction
(Bex)). North Dakota emissions impacts on other mord¢adisClass | areas are considered
minimal. See the discussion in Section 2.4.

The NDDoH has consulted with Minnesota and Michigara part of the Northern Class | Areas
consultation group and Minnesota individually. @&sesult of the consultations, Minnesota sent
a memorandum dated September 19, 2007 to NorthtBakal other states impacting Minnesota
Class | areas. Minnesota requested a responsengating these consultations have taken place
to the satisfaction of North Dakota or detailingas where additional consultation should occur.
In those states Minnesota has identified as adhditioontribution states, they asked such states
to respond with their agreement or disagreemerit Minhnesota’s determination of contributing
states and the additional control strategies thihbe evaluated. Minnesota’s memorandum and
the NDDoH letter of response dated August 22, 2i@&ttached in Appendix J.2.
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The NDDoH has consulted with Montana and South Eakiorough the WRAP which we are
members and as needed individually. Additionally NDDoH has consulted with EPA Region 8
in Denver concerning the Montana Class | areabe@sdre preparing a FIP at the request of the
State.

Minnesota, Montana and South Dakota are the ordyestthat have emissions that are
reasonably anticipated to contribute to visibilitypairment in the North Dakota Class | Federal
areas.

Consultation is further addressed in Section 3 Blavelopment and Consultation.

10.3 Demonstration of Inclusion of Measures to Obta RPGs in Class
| Areas

40 CFR 51.308(d)(3)(ii) requires “Where other Statause or contribute to impairment in a
mandatory Class | Federal area, the State must mrmate that it has included in its
implementation plan all measures necessary torkitashare of the emission reductions needed
to meet the progress goal for the area. If theeStats participated in a regional planning process,
the State must ensure it has included all measoeesled to achieve its apportionment of
emission reduction obligations agreed upon thrahghprocess.”

The control measures and emission limits incorgaran this SIP for the seven electrical
generating units subject to BART combined with Faenobile source and other rules will
reduce North Dakota sulfur dioxide emissions byp@dcent, nitrogen oxide emissions by 25
percent, organic carbon emissions by 19 perceneberdental carbon emissions by 52 percent.
These percent reductions compare favorably withuhiéorm rate of progress first planning
period required overall reduction by 2018 of apmrately 23.3 percent (14 years + 60 years x
100 = 23.3 percent). In addition, existing Stateoke management and fugitive dust control
rules will adequately control emissions from agitiz@l and forest burning and construction
activities. North Dakota has met and included iis tBIP all measures needed to achieve its
apportionment of emission obligations agreed uppthe members of WRAP. These emission
reductions will provide North Dakota’'s share of esmn reductions needed for Class | Federal
areas in Minnesota, Michigan, Montana and Southozak

10.4  Documentation of the Technical Basis for Modiglg, Monitoring
and Emissions Information

40 CFR 51.308(d)(3)(iii)) requires “The State musttuiment the technical basis, including
modeling, monitoring and emissions information,vamch the State is relying to determine its
apportionment of emission reduction obligationsessary for achieving reasonable progress in
each mandatory Class | Federal area it affects.Sthte may meet this requirement by relying
on technical analyses developed by the regionalnghg organization and approved by all State
participants. The State must identify the basediméssions inventory on which its strategies are
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based. The baseline emissions inventory year isupted to be the most recent year of the
consolidated periodic emissions inventory.”

North Dakota is a member of the Western RegionalPartnership (WRAP) regional planning
organization and relied on the modeling, monitorargl emissions information and technical
analyses developed by WRAP.

The NDDoH relied on the use of CALPUFF for singleuce BART screening modeling,
WRAP CMAQ and PSAT modeling, and its own hybrid GAILFF modeling in its cumulative
impact analyses. The BART modeling conformed tordguiirements of the BART guidelines
and is described in Section 7. The WRAP CMAQ aBA&P modeling and the NDDoH hybrid
CALPUFF modeling conformed with EPA modeling guidek and are described in Section 8.

The NDDOH relied on IMPROVE monitoring data as #afale on the WRAP TSS website and
discussed in Section 4.

The NDDoH used the WRAP Plan02d emissions inverfimryhe baseline emissions year 2002
which reflects a composite interpretation of enassifor the base 2000-2004 period; and the
WRAP CMAQ PRP18a (Preliminary Reasonable Progre8%82Scenario A) emissions
inventory which reflects projected year 2018 enoigsi Case PRP18a represents base period
emissions projected to 2018, accounting for esemaif the effect of BART controls, and
assuming other growth and control factors. The ®dmand PRP18a emissions inventories were
used in modeling and are discussed further in @ecB. A later Case PRP18b emissions
inventory was prepared by WRAP and included in i8add, Sources of Visibility Impairment in
North Dakota Class | Areas.

10.5 Identification of Anthropogenic Sources of Vibility Impairment

40 CFR 51.308(d)(3)(iv) requires “The State musnitfy all anthropogenic sources of visibility
impairment considered by the State in developisglaing-term strategy. The State should
consider major and minor stationary sources, mauleces and area sources.”

The anthropogenic sources of visibility impairmere identified in Section, 6 Sources of
Visibility Impairment in North Dakota Class | Areas

10.6 Seven Factors That Must be Considered in Dewgling the LTS

40 CFR 51.308(d)(3)(v) requires “The State mustsater, at a minimum, the following factors
in developing its long-term strategy:

(A)  Emission reductions due to ongoing air pollat@ontrol programs, including measures to
address reasonably attributable visibility impainte
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(B)
(©)

(D)
(E)

(F)
(G)

10.6.1

Measures to mitigate the impacts of construrctotivities;

Emissions limitations and schedules for conmueto achieve the reasonable progress
goal;

Source Retirement and Replacement schedules;

Smoke management techniques for agriculture famdstry management purposes
including plans as currently exist within the Stiatethese purposes;

Enforceability of emissions limitations and t@h measures; and
The anticipated net effect on visibility duepimjected changes in point, area, and mobile

source emissions over the period addressed bytigeteérm strategy.”

Emission Reductions Due to Ongoing Air Paifion Control
Programs

10.6.1.1 In-Place Programs

40 CFR 51.308(d)(3)(v)(A) requires an assessmergnuksion reductions due to ongoing air
pollution control programs. Programs that are lac@ which will assist in reducing emissions
and help achieve reasonable progress toward tienahvisibility goal include:

Minor Source Permit to Construct Program (NDACG1%314-02)

Prevention of Significant Deterioration ProgradDAC 33-15-15)

New Source Performance Standards (NDAC 33-15-12)

Emission Standards for Hazardous Air PollutaNiSAC 33-15-13)

Emission Standards for Hazardous Air PollutantsSource Categories (NDAC 33-15-
22)

Oil and Gas Production Facilities Rules (NDAC13321)

Open Burning Requirements (NDAC 33-15-04)

Fugitive Dust Control Requirements (NDAC 33-15-17

Control of Sulfur Dioxide from Point Sources (NGA33-15-06)

Control of Particulate Matter (NDAC 33-15-05)

Control Requirements for Organic Compounds Sau(SE®AC 33-15-07)

Heavy Duty Diesel Engine Standard (2007)

Tier 2 Tailpipe Standards

Large Spark Ignitor and Recreational Vehicle Rule

Nonroad Diesel Rule

Industrial Boiler MACT

Combustion Turbine and Reciprocating Internal Gostion Engines NSPS and MACT
Standards

The Federal programs are described in more det&éction 2.5.
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Some MACT standards have been vacated; howevsrexpected that revised versions of these
standards will be promulgated by EPA during thenpiag period. The Department will
continue to operate a PSD program and take detegafi NSPS standards and major source
MACT standards for source categories located intiNDakota. As older sources are replaced,
the new applicable rules should reduce emissions.

North Dakota has implemented a reasonably attdibeitaisibility impact (RAVI) protection
program since 1987. The rules implementing thisg@am are found in NDAC 33-15-19,
Visibility Protection. The control strategy and mitoring strategy are found in Chapters 3 and 6
of the State Implementation Plan. The existing RAWgram, with the existing permitting and
emissions rules listed above is compatible withséhneeded for regional haze and no revisions
are needed or planned at this time. The NDDoH adlliress the periodic review and revision
requirements of the long-term RAVI strategy as negliby 40 CFR 51.306(c) and coordinate
them with the regional haze LTS periodic progregsorts required by 40 CFR 51.308(Q).

10.6.1.2 Coyote Station

Once reductions are achieved from the BART sourtes,Coyote Station will be the largest
point source of NQemissions in North Dakota. The analysis in Sec8d.1 indicates that
additional controls on the Coyote Station are m@sonable at this time; however, the State,
through recent discussions with Otter Tail Powem@any, has reached an agreement whereby
Otter Tail has committed to reduce Némissions at the station. Otter Tail Power Corgeas
indicated they will install equipment by July 1,230in order to reduce NCemissions to 0.50
Ib/1C° Btu. This represents a 35% decrease from the 2808sion rate of 0.77 Ib/i®tu and
26% from the baseline emission rate evaluated ati®@e9.5.1. The reductions are expected to
be achieved by installing separated over fire aihis will reduce annual NOemissions by
4,213 tons from the 2000-2004 baseline, a 32% dsere The mechanism/requirement for
reducing NQ emissions is included in a Permit to Constructinfbin Appendix A. Although
there will be NQ reductions at this facility, it will be reevaludtduring future planning periods
to determine if additional emissions reductionsracgiired.

10.6.1.3 Heskett Station Unit 2 — Reserved

10.6.2 Measures to Mitigate the Impacts of Constrtion Activities

40 CFR 51.308(d)(3)(v)(B) requires the consideratidd measures to mitigate the impacts of
construction activities. North Dakota regulategitive emissions by rule (NDAC 33-15-17).
This rule states:

“No person shall cause or permit fugitive emissidnam any source whatsoever,

including a building, its appurtenances, or a rotd,be used, constructed, altered,
repaired, or demolished; or activities such as ilmgdunloading, storing, handling, or

transporting of material without taking reasongmecautions to prevent such emissions
from causing air pollution as defined in sectior13301-04.”
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NDAC 33-15-17-02 also states in part:

“No person shall emit or cause to be emitted ihi® ambient air from any source of
fugitive emissions as specified in section 33-18317any particulate matter which:

2. Exceed the ambient air quality standards of whap3-15-02 at or beyond the
property line of the source.

3. Exceed the prevention of significant deteriamatiof air quality increments of
chapter 33-15-15 at or beyond the property linthefsource for sources subject to
chapter 33-15-15.

4. Exceed the restrictions on the emission of igsdlir contaminants of chapter 33-15-
03, at or beyond the property line of the source.

5.  Would have an adverse impact on visibility,defined in chapter 33-15-19, on any
class 1 federal area.”

The Department requires permits for asphalt coacptdints and rock, sand and gravel plants
which are generally associated with major consimacprojects. The Department requires
notification of the relocation of asphalt plantsmler to track the emissions from these facilities

The Federal Class | areas in North Dakota are éolcat the western part of the State, generally
away from the major population centers. These |atjom centers are 40 - 500 km away from
the Class | areas. Any construction in these asbasld have little effect on visibility in the
Class | areas because of the transport distancepm@awdiling winds will generally move the
fugitive emissions in the opposite direction. Anypacts on visibility in a Class | area due to
construction activities would most likely be assded with energy development including oil
and gas well pad construction, compressor stationstcuction and gas processing plant
construction. Owners of sources subject to peimgittequirements, including the above energy
facilities, are subjected to fugitive dust contrejuirements included in the permit issued for the
construction of the facility. In addition, all s@es are subject to the requirements of NDAC 33-
15-17. NDAC 33-15-17-03 lists the measures wiaih considered reasonable precautions for
abating and preventing fugitive dust. These inelud

1. Unpaved roads and unpaved parking areas. Alateamd preventive measures include
but shall not be limited to frequent watering, @dadi of dust palliatives, detouring,
paving, closure, speed control, or other means asaurface treatment with penetration
chemicals (ligninsulfonates, oil, water, cutbac&t;.) or methods of equal or greater
effectiveness in reducing the air contaminant pcedu

2. Demolition, wrecking and explosive detonatiotiwaites; earth and construction material
moving, mining, and excavation activities.
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a. Abatement and preventive fugitive particulatatadd measures include, but are
not limited to:

(2) Wetting down, including prewatering.

(2) Landscaping and replanting with native vetiata

(3) Covering, shielding or enclosing the area.

4) Paving, temporary or permanent.

(5) Treating, the use of dust palliatives andnaical stabilization.

(6) Detouring.

(7) Restricting the speed of vehicles on sites.

(8) Preventing the deposit of dirt and mud onriomed streets and roads.
(9) Minimizing topsoil disturbance and reclaimiag soon as possible.

b. Sequential blasting be employed whenever or evesrfeasible to reduce the
amounts of particulate matter.

C. Such dust control strategies as revegetatiolaydaf topsoil disturbance until
necessary, or surface compaction and sealing, flesdp

d. Haulage equipment be washed or wetted downtettgeor covered when
necessary to minimize the amount of dust becomirgpmne in transit and in
loading.

e. Stockpile of materials be treated to prevenwvbig or the material be contained

in silos or other suitable enclosures.

f. Waste disposal sites be so operated and cotetiras to prevent particulate
matter from becoming airborne.

g. All conveyors, transfer points, crushers, scseemd dryers be so constructed,
protected, or treated as to prevent particulatéemfitom becoming airborne.

h. These measures also be used during period witteal @onstruction work is not
being conducted, such as on weekends and holidays.

The construction of oil well pads are normally & an two-day undertaking. The emissions are

generally ground level emissions and do not traeey far. In general, compressor stations and
gas plant construction are subject to the Perm@dastruct program. These permits and rules
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will assure that construction activities will nadveersely affect visibility in any Federal Class |
area.

Emissions from construction activities includingnstruction of oil well pads, compressor
stations and gas plants will be reevaluated inréutRegional Haze SIP planning periods since
this has the potential to be a growing source cayeg

10.6.3 Emissions Limitations and Schedules for Cgshance

40 CFR 51.308(d)(3)(v)(C) requires the State tosaer emissions limitations and schedules for
compliance to achieve the reasonable progressmdaleloping its LTS.

Emissions limitations and schedules for the sevARB sources are found in Section 7, Best
Available Retrofit Technology (BART). They are laded in the Air Pollution Control Permit
to Construct for each source. The permits foundppendix D are incorporated as part of this
SIP.

10.6.4 Source Retirement and Replacement Schedules

40 CFR 51.308(d)(3)(v)(D) requires the State cagrsahy source retirement and replacement
schedules in developing its LTS. The Departmemoisaware of any anticipated major source
retirements or replacements. Replacement of agisgécilities will be managed in conformance
with the existing State Implementation Plan inchgdthe Prevention of Significant Deterioration
program.

The 2018 modeling conducted by WRAP included thre® power plants to be located in the
State. It is now unlikely that two of these plantdl be built. Thus the modeling results for
2018 are probably conservative. Construction e pewer plants or replacement of existing
plants prior to 2018 is unlikely.

10.6.5 Smoke Management Techniques for Agricultureand Forest
Management

40 CFR 51.308(d)(3)(v)(E) requires the State tosmer smoke management techniques for
agriculture and forestry management purposes imgjuplans as currently exist within the State
for these purposes in developing its LTS. North @akhas an area of approximately 68,994
square miles (44.16 million acres). Of this to28,5 million acres is crop land, 10.98 million

acres is pasture/rangeland and 236,000 acres isllavaliforest with the five State forests

comprising 13,300 acres. The North Dakota Statgldmentation Plan contains rules which

govern prescribed burning on crop land, pasturggtamd or woodland. NDAC 33-15-04-02.2

lists the conditions that apply to any prescribaching including:
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c. Care must be used to minimize the amount ofadirthe material being burned and
the material must be dry enough to burn cleanly.

d. Oils, rubber, and other materials that produceeasonable amounts of air
contaminants may not be burned.

e. The burning may be conducted only when metegicdd conditions favor smoke
dispersion and air mixing.

h. Except in an emergency, burning may not be ccteduin such proximity of any
class 1 area, as defined in chapter 33-15-15, theatambient air of such area is
adversely impacted.

i. Except in an emergency, the visibility of anyass 1 area cannot be adversely
impacted as defined in chapter 33-15-19.

J. Burning activities must be attended and supedligt all times burning is in
progress.

Fires purposely set to woodland/forest or rangelmmdhe management of the land or game
must be in accordance with practices recommendestaye and Federal agencies and must be
approved in advance by the Department (NDAC 334®®.1.e). Although agricultural crop
burning does not require advanced approval by tygaBment, most of this burning takes place
in the eastern two thirds of State away from thas€ll areas in North Dakota. In general,
prevailing winds carry the smoke from crop landrag away from the North Dakota Class |
areas. For 2000-2004 (Case Plan 02d), the WRARS$tanated the annual emissions from fire
in North Dakota as shown in Table 10.1.

Table 10.1
Annual Average Emissions from Fire (2000-2004)

Organic | Elemental
PMsine | PMcoarse | NOx SO, Carbon Carbon
Source (tpy) (tpy) (tpy) (tpy) (tpy) (tpy)
Natural 225 441 773 250 2,214 424
Anthropogenic 596 62 1001 290 1,443 86
Total 821 503 1774 540 3,657 510

Based on the source apportionment analyses combimtethe WRAP, anthropogenic fire
emissions in North Dakota contribute less than T%he total emissions of any of the pollutant
species listed above during the 20% worst visibdiays for either Lostwood Wilderness Area or
Theodore Roosevelt National Park as shown in TaBl&. The contribution of anthropogenic
fire is expected to decrease by 2018. As indicatatlier, open burning is subject to regulation
under NDAC 33-15-04 which specifically prohibitsrbing that will adversely affect visibility in
any Class | area. The Department has determirsdth current smoke management rules are
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sufficient to achieve reasonable progress towaed rthtional visibility goal. However, the
smoke management rules will be reevaluated dutingé planning periods.

Table 10.2
North Dakota Anthropogenic Fire Contribution to the 20% Worst Days
Contribution Contribution

2000-2004 2018

Class | Area Pollutant (%) (%)
TRNP SQ 0.013 0.004
NOx 0.019 0.006
POA 0.364 0.112
EC 0.067 0.024
PMF 0.04 0.013

PMC 0.001 0
LWA SO 0.008 0.002
NOx 0.024 0.007
POA 0.823 0.252
EC 0.13 0.046
PMF 0.049 0.015

PMC 0.001 0

10.6.6  Enforceability of Emission Limitations andControl Measures

40 CFR 51.308(d)(3)(v)(F) requires the State mumisiter the enforceability of emission
limitations and control measures in developingLitS. The BART emission limits and control
measures will be included in a BART Air Pollutiomi@rol Permit to Construct that is issued to
each BART source and are incorporated into this SThe Permit to Construct program is
established in the State Air Pollution Control Ru(BIDAC 33-15-14-02). The program is also
approved into the State Implementation Plan. TARB permits are included in Appendix D of
this SIP. Other ongoing programs are already deduin the State rules. Future NSPS and
MACT rules for major sources will be adopted intee tState Rules and delegation will be
requested from EPA.

10.6.7  The Anticipated Net Effect on Visibility D to Projected Changes
in Point, Area and Mobile Source Emissions

40 CFR 51.308(d)(3)(v)(G) requires the State carside anticipated net effect on visibility due
to projected changes in point, area, and mobileceoemissions over the period addressed by the
long-term strategy in developing its LTS. The eiptted net effect on visibility due to projected
changes in emissions from 2004 to 2018 is discussg&dction 8, Visibility Modeling.
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10.7 Prevention of Significant Deterioration

In North Dakota, new and modified existing majoatsinary sources triggering significance
thresholds are analyzed under the Prevention ohifignt Deterioration (PSD) permitting
program. The PSD program rules are found in NDARagier 33-15-15 and have been
approved as a part of the North Dakota SIP by EPBe PSD permitting program is an integral
part of North Dakota’s long-term strategy for megtits regional haze goals.

Among other things, the PSD permit program is desiigto protect air quality and visibility in
Class | areas by requiring best available con&ochmology (BACT) and involving the public in
permit decisions. The PSD permitting process regua technical air quality analysis and
additional analyses to assess the potential impd&missions on soils, vegetation and visibility.
The cumulative impacts of emissions subject toR8® program will be evaluated to ensure
there is no degradation from baseline conditionghe20 percent worst days and the 20 percent
best days.

Therefore, North Dakota’s current PSD program esstinat visibility at the Class | areas will
not be impacted by growth in stationary sources.
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11. Commitment to Consultation, Progress Reports, dtiodic
Evaluations of Plan Adequacy, and Future SIP Resions

11.1 Future Consultation Commitments

11.1.1 FLM Consultation and Coordination

40 CFR 51.308(i) contains the requirements foreSaaid Federal Land Manger consultation and
coordination. 851.308(i) reads “What are the rezuents for State and Federal Land Manager
coordination?

(2) By November 29, 1999, the State must identifyvriting to the Federal Land Managers
the title of the official to which the Federal LamMianager of any mandatory Class |
Federal area can submit any recommendations orntplementation of this subpart
including, but not limited to:

0] Identification of impairment of visibility irany mandatory Class | Federal area(s);
and

(i) Identification of elements for inclusion irhé visibility monitoring strategy
required by 8 51.305 and this section.

(2) The State must provide the Federal Land Managth an opportunity for consultation,
in person and at least 60 days prior to holding puiglic hearing on an implementation
plan (or plan revision) for regional haze requibsdthis subpart. This consultation must
include the opportunity for the affected Federahdl&anagers to discuss their:

® Assessment of impairment of visibility in anyandatory Class | Federal area; and

(i) Recommendations on the development of theareasle progress goal and on the
development and implementation of strategies toes$avisibility impairment.

(3) In developing any implementation plan (or plaavision), the State must include a
description of how it addressed any comments peal/ioy the Federal Land Managers.

(4) The plan (or plan revision) must provide praged for continuing consultation between
the State and Federal Land Manager on the implatientof the visibility protection
program required by this subpart, including develept and review of implementation
plan revisions and 5-year progress reports, anth@immplementation of other programs
having the potential to contribute to impairmenvsibility in mandatory Class | Federal
areas.”
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North Dakota commits to coordinate and consult i Federal Land Managers as required in
§51.308(i)(1) through (4).

11.1.2 Tribal Consultation

North Dakota will continue to remain in contact hwithose Tribes which may reasonably be
anticipated to cause or contribute to visibilityparment in North Dakota mandatory Class |
Federal area(s). For those Tribes that adopted & RHNorth Dakota will consult with them
directly. For those Tribes without a RH TIP, NoBlakota will consult with both the Tribe and
EPA. Documentation of the consultations will be mtained.

11.1.3 Interstate Consultation and Coordination

40 CFR 51.308(d)(1)(iv) and 40 CFR 51.308(d)(3p@ntain the requirements for interstate
consultation and coordination. §(d)(1)(iv) reads:

“In developing each reasonable progress goal, thtee $nust consult with those States
which may reasonably be anticipated to cause driboite to visibility impairment in the
mandatory Class | Federal area. In any situatiowhich the State cannot agree with
another such State or group of States that a goaides for reasonable progress, the
State must describe in its submittal the actiok®rtato resolve the disagreement. In
reviewing the State’s implementation plan submittak Administrator will take this
information into account in determining whether tistate’'s goal for visibility
improvement provides for reasonable progress tosvawatural visibility conditions.”
§(d)(3)(i) reads:

“Where the State has emissions that are reasomalilyipated to contribute to visibility
impairment in any mandatory Class | Federal areaténl in another State or States, the
State must consult with the other State(s) in ortdedevelop coordinated emission
management strategies. The State must consulamitiother State having emissions that
are reasonably anticipated to contribute to vigibimpairment in any mandatory Class |
Federal area within the State.”

In accordance with 40 CFR 51.308(d)(1)(iv) and B&(8)(3)(i), North Dakota commits to
continue consultation with Minnesota, Montana, &with Dakota, and any other state which
may reasonably be anticipated to cause or congributvisibility impairment in federal Class |
areas located within North Dakota. North Dakotd al$o continue consultation with Michigan,
Minnesota, Montana, and South Dakota and any atfa¢e for which North Dakota’s emissions
may reasonably be anticipated to cause or cong&ribmtvisibility impairment in those state’s
federal Class | areas.

With reference to the established or updated goaleeasonable progress, should disagreement
arise between another state or group of stategshNakota will describe the actions taken to
resolve the disagreement in future RH SIP revision&€PA’s consideration. With reference to
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assessing or updating long-term strategies, NodkoEx commits to coordinate its emission
management strategies with affected states andcwaitinue to include in its future RH SIP
revisions all measures necessary to obtain iteesbfaemissions reductions for meeting progress
goals.

11.2 Commitment to Progress Reports

Requirements for the State to submit periodic psgreports are found in 40 CFR 51.308(g)
which reads “Requirements for periodic reports dbsty progress towards the reasonable
progress goals. Each State identified in 851.3@8)bjhust submit a report to the Administrator
every five years evaluating progress towards tlasaeable progress goal for each mandatory
Class | Federal area located within the State arehch mandatory Class | Federal area located
outside the State which may be affected by emissimom within the State. The first progress
report is due 5 years from the submittal of th&ahimplementation plan addressing paragraphs
(d) and (e) of this section. The progress reporstnibe in the form of implementation plan
revisions that comply with the procedural requirateeof §51.102 and 8§51.103. Periodic
progress reports must contain at a minimum thevetig elements:

(1) A description of the status of implementatiofi @l measures included in the
implementation plan for achieving reasonable pregrgoals for mandatory Class |
Federal areas both within and outside the State.

(2) A summary of the emissions reductions achievkobughout the State through
implementation of the measures described in papagi@ (1) of this section.

3) For each mandatory Class | Federal area withén State, the State must assess the
following visibility conditions and changes, withalues for most impaired and least
impaired days expressed in terms of 5-year aver@igiaese annual values.

0] The current visibility conditions for the mastpaired and least impaired days;

(i)  The difference between current visibility comoins for the most impaired and
least impaired days and baseline visibility cormai;

(i)  The change in visibility impairment for theast impaired and least impaired days
over the past 5 years;

(4) An analysis tracking the change over the pasye&rs in emissions of pollutants
contributing to visibility impairment from all soces and activities within the State.
Emissions changes should be identified by typeoafee or activity. The analysis must
be based on the most recent updated emissionstamyemwith estimates projected
forward as necessary and appropriate, to accounterigssions changes during the
applicable 5-year period.
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(5) An assessment of any significant changes ihrapbgenic emissions within or outside
the State that have occurred over the past 5 ylearbiave limited or impeded progress in
reducing pollutant emissions and improving vistiili

(6) An assessment of whether current implementagitam elements and strategies are
sufficient to enable the State, or other Stated wiiandatory Federal Class | areas
affected by emissions from the State, to meetsadit#ished reasonable progress goals.

(7) A review of the State’s visibility monitoringtrategy and any modifications to the
strategy as necessary.”

In accordance with the requirements listed in 4R GE.308(g) of the federal regional haze rule,
North Dakota commits to submitting periodic progresports to EPA every five years following
the initial submittal of the SIP. The periodic pregs reports will address at a minimum all the
elements of 851.308(g). The periodic progress tepuitl be in the form of implementation plan
revisions that comply with the procedural requirateeof 40 CFR 51.102 and 51.103.

11.3 Determination of Current Plan Adequacy

Based on the findings of the 5-year periodic pregnmeport, 40 CFR 51.308(h) requires a State
to make a determination of adequacy of the existimpglementation plan. 851.308(h) reads

“Determination of the adequacy of existing implema¢ion plan. At the same time the State is

required to submit any 5-year progress report té EPaccordance with paragraph (g) of this

section, the State must also take one of the faligwactions based upon the information

presented in the progress report:

(1) If the State determines that the existing immatation plan requires no further
substantive revision at this time in order to acéiesstablished visibility goals for
visibility improvement and emissions reductionsge tistate must provide to the
Administrator a negative declaration that furthevision of the existing implementation
plan is not needed at this time.

(2) If the State determines that the implementafitam is or may be inadequate to ensure
reasonable progress due to emissions from souncasother State(s) which participated
in a regional planning process, the State mustigeomotification to the Administrator
and the other State(s) which participated in tlggoreal planning process with the States.
The State must also collaborate with the othere@tatthrough the regional planning
process for the purpose of developing additionaftegies to address the plan’s
deficiencies.

(3) Where the State determines that the implementgilan is or may be inadequate to

ensure reasonable progress due to emissions framesoin another country, the State
shall provide notification, along with availabldanmation, to the Administrator.
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4) Where the State determines that the implementgilan is or may be inadequate to
ensure reasonable progress due to emissions froroesowithin the State, the State shall
revise its implementation plan to address the pldeficiencies within one year.”

North Dakota commits, in accordance with 40 CFR368&(h), to make a determination of the
adequacy of the existing implementation plan at dhme time a five-year periodic progress
report is due.

Should North Dakota determine that the implemeoagilan is or may be inadequate to ensure
reasonable progress due to emissions from souncasoither State or States, North Dakota will
provide notification to the Administrator and thther State(s) and collaborate with the other
States(s) through the regional planning processtiier purpose of developing additional
strategies to address the plan’s deficiencies @sired by 851.308(h)(2). In the event that no
regional planning organizations or process exiétsth Dakota will work directly with the other
State(s).

Should North Dakota determine that the current am@ntation plan is or may be inadequate
due to emissions from within the State itself, Hddtakota will develop additional strategies to
address the plan deficiencies and revise the imgaéation plan within one year, as required by
851.308(h)(4).

Should North Dakota determine that the implementagilan is or may be inadequate to ensure
reasonable progress due to emissions from souncasather country, the State will provide
notification, along with available information, tioee Administrator as required by 851.308(h)(3).

Should North Dakota determine that the existingplementation plan requires no further
substantive revision in order to achieve estabfisigeals for visibility improvement and
emissions reductions, North Dakota will provide #h@ministrator a negative declaration that
further revision of the existing implementationmpia not needed as required by §51.308(h)(1).

In addition, North Dakota commits to revise the lempentation plan, including the reasonable
progress goals, once RH SIPs from neighboring staéeome available and are approved by
EPA, or if the unexpected or unforeseen occursis Would include, but not be limited to,
projected future emissions reductions that do rmtung are distributed differently over an
alternate geographic area, or are found to be iacoor flawed. These revisions will be made
within one year as required by 851.308(h)(4). Nddakota also commits to accelerate this
revision schedule if the present RH SIP is foundb#o significantly flawed and the 2018
reasonable progress goals cannot be reasonabhealta

11.4 Commitment to Future SIP Revisions

In addition to a SIP revision made for periodicgmess reports as addressed in Section 11.2 and
plan inadequacy as addressed in Section 11.3, £ %1F308(f) requires a State to revise and
submit its regional haze implementation plan to B®BAJuly 31, 2018, and every ten years
thereafter. 40 CFR 51.308(f) reads “Requirements clamprehensive periodic revisions of
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implementation plans for regional haze. Each Statified in 851.300(b)(3) must revise and
submit its regional haze implementation plan rewisio EPA by July 31, 2018 and every ten
years thereafter. In each plan revision, the Staist evaluate and reassess all of the elements
required in paragraph (d) of this section, takintpiaccount improvements in monitoring data
collection and analysis techniques, control tecbaiels, and other relevant factors. In evaluating
and reassessing these elements, the State mustadide following:

(2) Current visibility conditions for the most impad and least impaired days, and actual
progress made towards natural conditions duringptte¥ious implementation period.
The period for calculating current visibility cotions is the most recent five year period
preceding the required date of the implementatitam gubmittal for which data are
available. Current visibility conditions must belazdated based on the annual average
level of visibility impairment for the most and Eampaired days for each of these five
years. Current visibility conditions are the averaf these annual values.

(2) The effectiveness of the long-term strategyachieving reasonable progress goals over
the prior implementation period(s); and

3) Affirmation of, or revision to, the reasonahbeogress goal in accordance with the
procedures set forth in paragraph (d)(1) of thistisa. If the State established a
reasonable progress goal for the prior period wipicbvided a slower rate of progress
than that needed to attain natural conditions byyt#har 2064, the State must evaluate and
determine the reasonableness, based on the faaotquaragraph (d)(1)(i)(A) of this
section, of additional measures that could be adbpi achieve the degree of visibility
improvement projected by the analysis containedthie first implementation plan
described in paragraph (d)(1)(i)(B) of this section

In accordance with the requirements of section@.(8) and (f) of the regional haze rule, North

Dakota commits to revising and submitting its regiohaze SIP by July 31, 2018 and every ten
years thereafter addressing current visibility ¢oos, effectiveness of the long-term strategy

and affirming or revising the reasonable progress épr each mandatory Class | Federal area in
North Dakota.

11.5 Monitoring Strategy

North Dakota commits to review and reevaluate ttleqaacy of and revise as necessary the
existing RAVI monitoring strategy required by Secti51.305 and the existing regional haze
monitoring strategy required by Section 51.308(di4 a minimum, concurrently with the 5-
year periodic progress reports and the 10-year ngiisions which start July 31, 2018 and every
ten years thereafter. North Dakota will coordinaliereviews, reevaluations and revisions to
both monitoring strategies with each other and wdlhsult and coordinate any revisions with
EPA and FLMs. The monitoring strategies are disedigsrther in Section 4 of this plan.
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11.6 Rules for Non-BART Point and Area Sources

The Department adopted rules in 1987 to implemératse 1 of the federal visibility program
which is Section 40 CFR 51.300 — 307 (NDAC Chapt15-19 Visibility Protection, effective
date October 1, 1987) and in 2006 to implement BWRT portion of Phase 2 which is
Paragraph 40 CFR 51.308(e) (NDAC Chapter 33-15-@2§iddhal Haze Requirements, effective
date January 1, 2007). For a more detailed desmripf Phase 1 and Phase 2 of the federal
visibility program see Section 2.

As a result of addressing the core requirementlenfederal visibility program which are found
in 40 CFR 51.308(d), the Department has determined!l be necessary to clarify its legal

authority to address emissions which adversely anpsibility in the Class | areas from non-
BART and area sources which may in the future hendoto be reasonably controllable and
reduced (see Section 9).

The Department commits to develop and adopt angssecy rules to clarify its legal authority

to control and reduce emissions from non-BART arh aources that adversely impact Class |
areas as expeditiously as possible but no laterErewember 31, 2012.
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12. Public Participation and Review Process

The Public Hearing Record is Appendix F. Includeel the Hearing Notice (F.1), Press Release
(F.2), Affidavit of Publication (F.3), Invoice ofuBlication (F.4), Registration List of Attendees

(F.5), Hearing Transcript (F.6), Certification ofeéting (F.7), and Response to Public
Comments (F.8).

12.1 Summary of Comments Received during Public Coment
Period/Hearing

The written comments and oral comments receivethguhe 30 day public comment period and
public hearing are included in Appendix F.6 as @ phthe Hearing Transcript and Response to
Comments.

Written comments were received from the U.S. Emnmental Protection Agency Region 8 in
Denver CO; The U.S. Department of the Interior dladl Park Service in Denver CO; the
National Parks Conservation Association in Chicdgoon behalf of the National Parks
Conservation Association, the Dakota Resource dbhuhe Friends of the Boundary Waters
Wilderness, the Plains Justice and the Dakotah €hap the Sierra Club; Basin Electric Power
Cooperative in Bismarck ND; Great River Energy irape Grove MN; and Bob Paine of
AECOM Environment on behalf of Basin Electric Pov@operative, Great River Energy, and
Minnkota Power Cooperative, Inc.

In addition, the Department received 31 nearly tidah emails from various individuals.

Mr. Jim Kambeitz presented oral testimony at theblipuhearing and submitted written
comments that reiterated his oral comments.

12.2 Response to Public Comments
The Department’s responses to the comments recdivéag the 30 day public comment period
and public hearing are included in Appendix F.8.

12.3 Revisions to the State Implementation Plan

The Department made the following revisions to Begl Haze State Implementation Plan based
on its review of the comments received during Bgablic comment period and public hearing:

* Page ii— An Approval Page was added.

» Section 4.2 — A discussion on the representatigonéshe IMPROVE monitor at the
South Unit of the Theodore Roosevelt National Plarkthe North Unit and Elkhorn
Ranch Unit was added.
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Section 5.2 — A reference to the discussion iniSeet.2 on the representativeness of the
IMPROVE monitor in the South Unit of TRNP was added

Section 5.2 — A reference was added for the WRARhoa®logy for determining
baseline conditions under Table 5.1.

Section 7.3.4 - Exclusion of Montana Dakota UsgltiHeskett Unit No. 2 was updated.
Section 8.6.1 — Performance evaluation expand@tttode results for the $8percentile
metric.

Section 8.6.2.5 — Per EPA suggestion, conclusiongdifitad to acknowledge that BART
emissions reductions from ND sources can signiflgamprove visibility under some
meteorological conditions.

Table 9.4 — MDU Heskett Unit No. 2 was added.

Table 9.9 — Table was modified to add addition&rimation.

Section 9.5.1 — Reasonable Progress Goals — RdgQmatrols for Point Sources — A
sentence was added regarding the percent improtemewisibility for the control
options evaluated.

Section 9.5.4 — The section was relocated to Sed06.1.2 and updated.

Section 9.5.5 — The section was updated to dideissmissions and Q/D for oil wells.
Section 9.7 — The section was updated to indi¢etethe Reasonable Progress Goals are
based on the Department’s hybrid modeling.

Section 10.6.1.2 — The section was added to addresssions reductions from the
Coyote Station.

Section 10.6.5 — The section was updated to inglidhe North Dakota smoke
management rules will be reevaluated during fupl@ening periods.

Section 11.6 — The section was updated.

Section 12 — Each item is now addressed as thea$0pdblic comment period and
hearing has been completed.

Appendix A.5 — A new appendix was added to addteesWRAP methodology for
determining baseline visibility conditions.

Appendix F.9 — The section was deleted as it wasaguired.

Appendix 1.2 — A new appendix was added to prowdpplementary information for the
four factor analysis by the WRAP states.

Several spelling, grammatical and typographicalemions were made throughout the
document.

12.4 Revisions to the BART Air Pollution Control Pemits to Construct

The Department made the following revisions to BARIF Pollution Control Permits to
Construct based on its review of the comments vededuring the 30 day public comment
period and public hearing:

The definition of 30 day rolling average was maglifito match the NSPS Subpart Da
language in all the BART permits.

Condition 11.A.2 was changed from “BART” to “RegiahHaze” in the Stanton, Leland
Olds and Minnkota permits.
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The location of the CEM was added to Condition IBAn the Stanton permit. The
condition was also changed to specify that emissfomm Unit 1 and Unit 10 must be
measured separately.

Condition II.A.1.c was revised to include a procedfor demonstrating compliance if a
startup is less than 24 hours in the Minnkota permi

Condition 11.A.2 was changed from “Data” to “Datii’'the Coyote permit.

Condition 11.A.4.a was changed from “94%" to “95%’'the Coal Creek permit.
Condition 11.A.1.a of the Coyote permit was amendedpecify that EUI 1 is the main
boiler.

In Condition 11.B.4 of the Coyote permit, Unit 1 svahanged to EUI 1.

In Condition 1.A.5.e of the Coyote permit, “Conidn 11.5” was changed to “Condition
ILA.5.”

In Condition 1l.LA.5.b of the Minnkota, Coal Creekeland Olds and Stanton permits,
“Condition 11.5.a” was changed to “Condition 11.A&b”
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